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The Controller of Patents
The Patent Office
Kolkata QOctober 04, 2019

Kind Attn:  Mr. Jayant Anand
Ld. Controller of Patents & Designs

Dear Sir,

Re: Response to First Examination Report dated March 26, 2019
Patent Application No. 1336/KOQL/2013 dated November 26, 2013
Entitled: “A METHOD FOR CONTROLLING RUST”
Applicant: UPL LIMITED.

Opponent: MRS. VISHAKHA REKHI.
Our Ref: PII00644

This has reference to the Pre-grant Opposition filed by MRS, VISHAKHA REKHI.

We refer to our letter dated May 21, 2019, pointing out that under Rule 55 (3). which dictates
the procedure for pre grant opposition/representation, the Ld. Controller is required to give a
notice to the applicant regarding the representation for opposition afler consideration of the
same by him. The applicant is time bound from receipt of such notification for filing the reply
stalement along with evidence within three months’ time from the date of notice as required

under Rule 55(4).

IUis respectiully submitted that in view of the above, by our letier of May 21. 2019, we had
rcquesied that a notice reparding the representation be sent to us under Rule 55 to enable

filing of the reply statement within three months from the date of notice.

We have as of now not received a notice in respect of the opposition filed by MRS.
VISHAKIHA REKHI, however, to expedite disposal of the application, we are cnclosing
herewith a Reply statement and evidence to the opposition filed by MRS. VISHAKHA
REKHL.
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The Controller of Patents
The Patent Office
Kolkata October 04, 2019

Kind Attn:  Mr. Jayant Anand
Ld. Controller of Patents & Designs

Dear Sir,

Re: Response ¢ First Examination Report dated March 26, 2019
Patent Application No. 1336/KOL/2013 dated November 26, 2013
Entitled: “A METHOD FOR CONTROLLING RUST”
Applicant: UPL LIMITED.

Opponent: MRS. VISHAKHA REKHL
Our Ref: PI100644

This has reference to the Pre-grant Opposition filed by MRS. VISHAKHA REKHI.

We refer to our letter dated May 21, 2019, pointing out that under Rule 55 (3), which dictates
the procedure for pre grant opposition/representation, the Ld. Controller is required to give a
notice to the applicant regarding the representation for opposition after consideration of the
same by him. The applicant is time bound from receipt of such notification for filing the reply
statement along with evidence within three months” time from the date of notice as required

under Rule 55(4).

It is respectfully submitted that in view of the above, by our letter of May 21, 2019, we had
requested that a notice regarding the representation be sent to us under Rule 55 to enable

filing of the reply statement within three months from the date of notice.

We have as of now not received a notice in respect of the opposition filed by MRS.
VISIHHAKHA REKHI, however, to expedite disposal of the application, we are enclosing
herewith a Reply statement and evidence to the opposition filed by MRS. VISHAKHA
REKHI
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The Ld. Controller is requested (o kindly lake the same on record.

Yours faithfully,
DR. SANCHITA GANGULI
IN/PA No. 625

Of S. Majumdar & CO.
Applicant’s agent

CC:  Mrs. Vishakha Rekhi
A-903 Julian Alps,
lvory Towers CHS Ltd.,
Bhakti Park, Wadala Fast,
Mumbai 400037
Celi: 9892092090
Email: vishaklharekhicgeomail.com

°  SYNGENTA EXHIBIT 1038

2 of 728 SYNGENTA v. UPL, PGR2023-00017



BEFORE THE CONTROLLER OF PATENTS,
KOLKATA

In the matter of The Patents Act, 1970 as
amended by The Patents (Amendment) Act
2005,

And

In the matter of The Patents Rules, 2006 and
The Patent (Amendment) Rules, 2019,

And

IN THE MATTER of Patents Application No.
1336/KOL/2013 dated November 26, 2013
made in the name of UPL LIMITED having its
principal place of business at UPL House, 610
/2, Bandra Village, Off Western Express
Highway, Bandra-East, Mumbai-400051, State
of Maharastra, India and also having place of
business at Agrochemical Plant, Durgachak
Haldia 721 602, Midnapore Dist. Weslt

Bengal, India.
......... Applicant

And

IN THE MATTER of opposition of the grant of
a patent thereto by Representation under Section
25(1) by Mrs Vishakha Rekhi, having address
at A-903 Julian Alps, Ivory Towers CHS Ltd.,
Bhakti Park, Wadala East, Mumbai 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 NUMBER 1336/KOL/2013

ABOUT THE APPLICANT:

1. We, UPL LIMITED (crstwhile United Phosphorus Limited), having its principal
place of business at UPL House, 610 B/2, Bandra Village, OIT Western lixpress
Highway, Bandra-East, Mumbai-400051, State of Maharastra, India and also having
place of business at Agrochemical Plant, Durgachak flaldia — 721 602, Midnapore
Dist. West Bengal, India. The Applicant named above. state that we desire to contest
the opposition enlered by the Opponent named above, and set out below the
statement in support of said patent application.

2. The applicant is a Company incorporated under the Indian Companies Act, 1956.
carrying on business, inter alia, of manufacture ol various products relating to
agrochemicals. The applicant company is and has been engaged in the manulacture
of, inter alia, a wide range of products that include fumigants, fungicides,
insecticides, rodenticides, and herbicides.

3. The opponent has entercd an opposition under Scction 25(1) to the present
application and has filed representation by way of opposition. The applicant has read
and understood the documents filed and relied upon by the opponent and set out
below the grounds on which the opposition is contested.

4. It is stated that save and except what are specifically admitted herein or are borne oul
from the records, all contentions, allegations and averments in the said Opposition
Statement shall be decined to be denied and disputed as if the same have been
specifically dealt wilh herein and set out as seriatim.

5. The applicant denies and dispuiecs the various statements and allegations made by the
opponent barring what are matters of record and what are specifically admitied by the
applicant.

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

7. With reference 1o paragraphs 3.1, the applicant states that almost all of the countrics
where corresponding applications have been filed have granted this patent with

different levels of claim scope, and the applicant has filed divisional application for
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
agricuftural country means that further research into agrochemical 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 ficld. This will not
only ensure food safety for the growing population in the country, but witl also
enswre increased investment in the agrochemical research.

The subject application relates to an improved fungicidal combination and
describes the synergistic effects of the fungicidal combination claimed herein. This
combination is cspecially suitable for controlling undesired fungus, and thus helps in
improving the productivity ol farmers in the agriculture dependent regions of the
country. Keeping the nceds of the farmers in mind, the applicant named above
invented this improved combination in order to make this synergistic fungicidal
combination available to the farmer, which is intended to benefit the farmers in the
country. The applicant company UPL Ltd spent a huge swn on the invention and
research on this combination in order to be able to benefit the farmers.

Keeping this inventive idea in mind, and the expected benefit to the farners and
agricultural productivity in the country, the applicant hercin named invented this
improved combination and filed the instant patent application.

Mecanwhile, the applicant has carnt of several unauthorized people selling
spurtous and ineffective products covered by the present claims to the gullible
farmers. This has two-fold disadvantapes to the applicant, to the farmer and to the
country at large. Firstly, these unauthorized scllers are illegally usurping the product
of the applicant’s focussed research to lind this synergistic fungicidal combination for
the farmers. Secondly, and more seriously, these spurious products are ineffective to
target the desired funpus, thereby decreasing the farmer’s productivity and his yield.
Thirdly, the continuously usage of these spurious and ineffective products increases
the cross-resistance of these fungii to the fungicides in general due to the ineffective
use of the combination and the unstable copycat products. This leads to the fungicides
degrading during the storage of these spurious products before it rcaches the farmers,
thus defeating the entire purpose of kecping the farmer community first in the

development of the country.

(5]
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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 swiltly on
this pending application.

9. With reference to paragraphs 4, it is submitted tht the same relates 1o jusrisdiction of
the impugned application been Patent Office, Kolkata and the same been admitted.

10. With reference to paragraphs 5.1, the opponent has merely set out the ground on
which the frivolous opposition is based.

1. With reference o paragraphs 5.2, the applicant states those are matters on record and
do not call for any comment.

12. With reference (o paragraphs 8.3, it is stated that the applicant has filed amendments
1o the claims in response o the first examination report issued by the Indian Patent
Office, which may kindly be taken on record. A copy of the amended claims is
annexed herewith as Annexure A.

13. With refercnce to paragraphs 6.1 (a), the applicant states that it merely sct out the
prior arts alleging that the present invention has been anticipated, prior to the filling
of the impugned application.

14. With reference 1o paragraphs 6.1 (b), il 1s stated that US2005/0032903A discloses the
method for controlling rust diseases in legumes such as soybeans by treatment of the
acrial part of the plant legumes with a formulation contatning strobilurin (claims |
and 2). US'903 also discloses that such strobilurin fungicides could be used in
combination with another i.e. one other fungicide, which may cither be a coniact
fungicide or a systemic fungicide such as a conazole fungicide or a SDHI fungicide
alternatively. This means that US*903 teaches use of only one of the second group of
fungicides i.c. only envisages a dual combination but not a triple combination.

15. 1t is stated that the opponent has deliberately tried to misrepresent the disclosure of
this document. 15’903 never teaches the use of a second as weli as a third fungicide,
which is required according to the present imvention. Even in paragraphs [0040} and
[0082] (example), particularly the combination of strobilurins and azoles have been
disclosed, but use of a contact fungicide such as inancozeb has not been disclosed.
Page 2, paragraphs {0023], [0031] and [0037], teaches the combination of strobilurins
with other fungicides such as mancozeb and chlorothalenil, but this disclosure does

not include a conazole fungicide within the same combination.

4
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16. Thus, it is clear from 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¢), it is stated that Brazilian Patent PI0601469
describes a composition comprising an oil dispersed agricultural sprays composition
comprising: 1) at least one fungicidal formulation which comprises a
dithiocarbamate, triazole, morpholine or strobilurin compound; and 2) an oil soluble
or oil compatible poly fatty acid-imine polymer.

18. A complete reading of BR’1469 suggest that primarily the composition disclosed in
this reference relates to single active composition of cither of dithiocarbamale, or of
triazole, or of morpholine or of strobilurin compound (refer example 1-5 and 11-20)
or of a dual combination of dithiocarbamate with either a triazole, or a morpholine or
a strobilurin compound (i.e. double combtnation).

19. BR’14691ails 1o disclose the triple combination ol a multisite contact fungicide e.g.
mancozeb with individual quinone outside inhibitors, demethylation inhibitors and
succinate dehydrogenase imhibitors. Further this document aiso fails to disclose the
use of such triple combination for treating soybean rust.

20. The opponent has deliberately tried 1o misrepresent the teachings of this prior art
document. This document teaches agricultural sprays dispersed in oil comprising at
least one fungicide formulation containing a compound dithiocarbamate. or a
triazole, or a morpholine or a strobilurin, but the opponent has misrepresented this
teaching as a fungicide formulation cantaining a compound dithiocarbamate, and a
triazole, and a morpholine and a strobilurin,

21. 1t is stated that claim 11 of BR’1469 teaches a combination of dithiocarbamate
formulation and formulation of triazole or formulation of morpholine or formulation
of strobilurin. This finding is also supported by Table | at page 7 of the complete
specification of BR71469. Table 1 teaches combination of dithiocarbamale + triazole,
morpholine or strobilurin wherein weight percentage of dithiocarbamate is {-30,
preferably 5-25 and weight percentage of any one of triazole, morpholine or
strobilurin 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, morpholine or
strobilurin (i.e. combination of 3 fungicidally active agents).

22, Thus, it is submitted that a mistaken representation of the prior art teaching is not
sufficient to sustain a casc of lack of novelty or even a prima facic case of

obviousness.
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23. With reference to paragraphs 6.1 (d), it is stated that WQ2006/035316 discloses an
aqueous composition 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 al) at least one anionic surfactant; b) 0 - 10% of at
least one polymer selected from water-dispersible and water-soluble film-forming
polymers; ¢} 4 - 20% of at least one inorganic solid carrier; and, optionally d) 3 -
20% of at least one antiirecze agent.

24. WO’316 provides a long laundry list of fungicidally active ingredient which may be
combined together. However the main combination of interest for WQ’316 is
fludioxonil, difenconazole and mefenoxam.

25. WO’316 fails to disclose the ftriple combination of a multisite fungicide e.p.
mancozeb  with individual quinone outside inhibitors, demethylation inhibitors and
succinale dehydrogenase inhibitors, Further WO’316 also fails to disclose the use of
such triple combination for treating soybean rust. In light of these difference
WO35316 does not anticipate present invention.

26. WO’316 discloses useful compositions dispersion of fungicides comprising at least
one or at lcast three suitable fungicides for sced treatment. First of all, it is not
obvious to use a combination meant for seed trcatment in the actual ficld. Sccondly,
the three fungicides to be combined according to WO’35316 are to be selected from a
random list, and may not necessarily include a multisite fungicide with a dual
combination including a conazole fungicide and a strobilurin fungicide. The
preferred combinations according to this document are fludioxonil, mefenxam and
azoxystrobin or difenconazole. Thus, this document does not teach the presence of a
multisite {ungicide such as mancozeb essentially, and considers strobilurins or
conazoles as being aliernatives to cach other i.c. they are not taught to be used
together.

27. This document fails to disclose the triple combination of Mancozeb with the
combination of first and sccond systemic fungicides selected from quinone outside
or inside inhibitors, demethylation inhibitors, or succinate dehydrogenase inhibitors.
Further this document also fails to disclose the use of such triple combination for
treating soybean rust.

28. With reference to paragraphs 6.1 (e), it is stated that US2005/0226902 discloses a

chemical soil disinfestation method in which a fungicidally, insecticidally or

6
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nematicidally active amount of a mixture M comprising a component a) of al) 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: EDTA
(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 other active ingredient.

30. US’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 multisite fungicide with the combination of first and sccond systemic fungicide
selected from quinone outside or inside inhibitors, demethylation mhibitors or
succinate dehydrogenase inhibitors. Further US’902 also fails 1o disclose the use of
such triple combination for treating soybean rust. In light of these difference US™902
does not anticipate present invention.

31. With reference to paragraphs 6.1 (f). it is stated that US2010/197741 allepediy claims
a composition comprising fungicide boscalid (SDHI fungicide systemic).
Chlorothalonil (fungicides of multiple sites) and at least onc other fungicide.

32. The Applicant states that US*741 discloses a fungicidal composition for controlling
phytopathogenic harmful fungi, comprising 1) Boscalid, 2) Chlorothalonil and 3) at
least one fungicidally active compound 1l selected from groups A) to F):

A) an azole selected from ......

B) a strobilurin selected from ......

C) a carboxamide selected from ......

D) a heterocyclic compound selected from ......
E) a carbamate selected from ......

F) a fungicide selected from .........

33. US’741 fails to disclose the triple combination of a multisite fungicide such as
dithiocarbonate such as mancozeb with the combination with first systemti fungicide
and second systemic fungicides selected from individual quinone outside or inside

inhibitors, demethylation inhibitors or succinate dehydrogenase inhibitors. Further

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



US’741 also fails to disclose the use of such triple combination for treating soybean
rust.

34. Applicant states (hat the amended claims presented with the response to First
Examination report (Annexure A) do not include chlorothalonil as the contact
fungicide. Therefore, there is no overlap of the amended claims of the present
invention with the disclosure of LIS™741.

35. With reference to paragraphs 6.1 (g), it is stated that WO2007/052256 teaches a
pesticidal composition in the form of a water-dispersible granule comprising a) at
least onc pesticidal active ingredient, b) at least one surfaclant, ¢) at least one
dispersing agent, and optionally d) a filler, obtainable by a process comprising of
mixing all the ingredients of the premix (o obtain a homogenous premix; micronizing
the premix; wetting the micronized premix; granulating the micronized wet premix;
deying the eranules and treating said granules with a surfactant agent.

36. This is a platorm technology patent application. The main crux of the invention is to
provide a waler dispersible granule composition which may be applicable for number
of active ingredients disclosed thercin, WO’256 is not relevant to present invention
as WO'256 fails to disclose the triple combination of a multisite {ungicide with
individual quinone outside or inside inhibitors, demethylation inhibitors or succinate
dehydroeenase inhibitors. Further W(0'256 also fails 1o disclose the use of such triple
combination for treating soybean rust.

37. 1t is pertinent (o note that the presently amended claims does not falls within the
purview of WQ’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 conazole fungicide, the strobilurin fungicide or the SDHI
fungicide. Stll, these fungicides are o be formulated in isolation according to
W0’256, and are not 1o be used in any combination. Applicant fails to understand as
o how this disclosure is even relevant to the subject matter of the present invention.

38. With reference to paragraphs 6.1 (h). it is stated that US2012/003199 discloscs a
method for controlling harmful fungi, which method comprises 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
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treating the plants with at least one biological control agent selected from Bacillus
subtilis and metabolites produced therefrom.

39. US’199 essentially relates to combination of a synthetic fungicide and a bioclogical
control agent such as Bacillius subtilitis. Biological agents are critical and essential
part of invention discosed in US’199. The present invention does not disciose any
biological agents to be used in the combination disclosed therein.

40. US’199 fails to disclose the triple combination of a multisite fungicide with
individual quinone outside inhibitors, demethylation inhibitors and succinate
dehydrogenase inhibitors. Further US’199 also fails to disclose the use of such triple
combination for treating soybean rust. In light of these difference D7 does not
anticipatc present invention.

4

. US’199 discloses the list of synthetic fungicides 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 mcan that these
fungicides are taught to be used in combination. The opponent has deliberately
attempled to misrepresent the teachings of UUS’199, whereas in reality, this document
does not teach the use of more than one fungicide in combination.

42, The Applicant stateds that US’903, BR’469, WO’316, US’ 902, US 741, W(O’256 and
US’199 (Annexures 11-VIII) does not anticipate the present invention and thus the
present invention is novel over the aforesaid prior art. The Applicant states that these
citations would not have been arises had the opponent actually read the invention and
the accompanying description of the invention without involving the element of
hindsight.

43. With reference to paragraphs 6.2, the applicant states that the ground of prior claiming

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

The claims of the cited indian Application 3142/DELNP/2014 (Anncxure X1X) relate

to a composition comprising an agricultural a) active ingredient; b) an amide of the

following formula (I):
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0 R'

S
N\

R3 R2 (1)

¢) an acyl morpholine compound of the following formula (IT}:

N /—\
N O

S N/,

wherein Ris H, CH, or C,H.

44, The applicant stales that the amended claims ol the instant apphication neither include
the amide of formula (1) or the acyl morpholine of the formula (11). Accordingly, there
is no exact overlap between the claims of the present application and the claims of the
cited art. Thus, there is no possibility that the presently claimed inveation could even
be arguably said to have been prior claimed in 3142/DELNP/2014.

45. The Applicant states that picking and choosing one feature from one claim of the cited
art, and another {eature from another claim ol 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 (he strobilurins, the triazoles. the carboxamides and the
dithiocarbamates together side-by-side does not mean that the prior art teaches these
fungicides to be used in combination, This only means that these fungicides werc
meant to be used separately (any one in isolation) together with the solvent system
comprising the compounds of formula (1} or formula (1T},

46. In contrast, and quite differently from the cited art, the present invention relates to a
triple combination of fungicides, wherein af least two systemic fungicides and at least
one multisite fungicide, must be simultancously present within the same combination.

47. Accordingly, the ground of prior claiming does not stand at all and ought (o be
dismissed.

48. With reference (o paragraphs 6.3 {a), it is denied that the present invention is obvious
and lacks an inventive step, in view of the prior art from the patented and non-

patented literature and products in market.
10
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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 treatment 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 be 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 SDHI fungicide
alternatively. This means that US*903 teaches use of only one of the second group of
fungicides i.e. only envisages a dual combination but not a triple combination.

50.1t is stated that the opponent has deliberately tried to misrepresent the disclosure of
this document. US’903 never tcaches 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] (example), particularly the combination of strobilurins 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 mancozeb and chlorothalonil, but this disclosure does
not include a conazole fungicide within the same combination.

51. Thus, it is clear from the above discusson 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 compaosition comprising an oil dispersed agricultural sprays composition
comprising: 1) at least one fungicidal formulation which comprises a dithiocarbamate,
triazole, morpholine or strobilurin compound; and 2) an oil soluble or oil compatible
poly fatty acid-imine polymer.

53. A complete reading of BR’1469 suggest that primarily the composition disclosed in
this reference relates to single active composition of cither of dithiocarbamate, or of
triazole, or of morpholine or of strobilurin compound (refer example 1-5 and 11-20)
or of a dual combination of dithiocarbamate with either a triazole, or a morpholine or
a strobilurin compound (i.e. double combination).

54, BR’t469 fails to disclose the triple combination of a multisite contact fungicide e.g.
mancozeb with individual quinone outside inhibitors, demethylation inhibitors and
succinate dehydrogenase inhibitors. Further this document also fails to disclose the
use of such triple combination for treating soybean rust.

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

document. This document teaches agricultural sprays dispersed in oil comprising at
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SYNGENTA EXHIBIT 1038
13 of 728 SYNGENTA v. UPL, PGR2023-00017



least one fungicide formulation containing a compound dithiocarbamate, or a triazole,
or a morpholine or a strobilurin, but the opponent has misrepresented this tcaching as
a fungicide formulation containing a compound dithiocarbamate, and a triazole, and a
morpholine and a strobilurin.

56. 1t is stated that claim 1t of BR’1469 teaches a combination of dithiocarbamate
formulation and formulation of triazole or formulation of morpholine or formulation
of strobilurin. This finding is also supported by Table | at page 7 of the complete
specification of BR’1469. Table 1 teaches combination of dithiocarbamate 1 triazole,
morpholing or strobilurin wherein weight percentage of dithiocarbamate s 1-30,
preferably 5-25 and weight percentage of any one of triazole, morpholine or
strobilurin is 0.1-10, preferably 0.5-5. BR*1469 does not teach a combination of
dithiocarbamate formulation and onc or more formulation of triazole, morpholine or
strobilurin (i.e. combination of 3 fungicidally active apents).

57.Fhus, it is submitted that a mistaken representation of the prior art teaching is not
sufficient to sustain a casc of prima facie case of obviousness.

58. With reference {o paragraphs 6.3 (d), it is stated that W2006/035316 discloses an
aqueous composition 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 onc
surface-active agent, comprising al) at least one anionic surfactant; b) 0 - 10% of at
least one polymer selected from water-dispersible and watcr-soluble film-forming
polymers; ¢) 4 - 20% of at least onc inorganic solid carrier; and, optionally d) 3 - 20%
of at least one antifreeze agent.

59. W('316 provides a long laundry list of fungicidally active ingredient which may be
combined together. However the main combination of interest for WO'316 is
fludioxonil, difenconazole and mefenoxam,

60. WO316 fails to disclose the triple combination of a multisite fungicide e.g. mancozeb
with individual quinone outside inhibitors, demethylation inhibitors and succinate
dehydrogenase inhibitors. Further WO’316 also fails to disclose the use of such triple
combination for treating soybean rust. In light of these difference W(O’35316 does not
anticipate present invention.

61. WO'316 discloses useful compositions dispersion of fungicides comprising at least
one or at least three suitable fungicides for seed treatment. First of all, it is not

obvious to usc a combination mecant for sced treatment in the actual field. Secondly,
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the three fungicides to be combined according to WQ’35316 are to be setected from a
random list, and may not necessarily include a multisite fungicide with a dual
combination including a conazole fungicide and a strobilurin fungicide. The preferred
combinations according to this document are fludioxonil, mefenxam and
azoxystrobin or difenconazole. Thus, this document does not teach the presence of a
multisite fungicide such as mancozeb essentially, and considers strobilurins or
conazoles as being alternatives to each other i.e. they are not laught to be used
together.

62. This document fails to disclose the triple combination of Mancozeb  with
combination of first and second systemic fungicides selected from quinone outside or
inside inhibitors, demethylation inhibitors, or succinate dehydrogenase inhibitors.
Further this document also fails to disclose the use of such triple combination for
treating soybean rust.

63. With reference 1o paragraphs 6.3 (e), it is stated that US2005/0226902 discloses a
chemical soil disinfestation method in which a fungicidally, insecticidally or
nematicidally active amount of a mixture M comprising a component a) of al) 20 to
96% by weight of sulfur, a2) 4 to 80% by weight of a complexing agent sclected from
the group consisting of: nonpolymeric complexing compounds: EDTA
(ethylenediaminctetraacetic  acid), NTA (nitrilotriacetic acid), .......... and
appropriate, one or more crop protection agents b) andfor further additives ¢) is
applied.

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

agent and optionally any other active ingredient.

65. US 902 docs 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 multisite fungicide with combination of first and second systemic fungicide
selected from quinone outside or inside inhibitors, demethylation inhibitors or
succinate dehydrogenase inhibitors. Further US*302 also fails to disclose the use of
such triple combination for treating soybean rust. In light of these ditference US’902
does not anticipale present invention.

66. With reference {o paragraphs 6.3 (), it is stated that US2010/197741 allegedly claims
a composition comprising fungicide boscalid (SDHI fungicide systemic),

Chlorothalonil (fungicides of multiple sites) and at least one other fungicide.
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67. The Applicant states that US’741 discloses a fungicidal composition for controlling
phytopathogenic harmful fungi, comprising 1) Boscalid, 2) Chlorothalonil and 3) at
least one fungicidally active compound 111 selected from groups A) 1o F):

A) an azole

B) a strobilurin

C) a carboxamide

D) a heterocyclic compound
E) a carbamate selected

F) a fungicide selected

68.US’741 fails o disclose the triple combination of a mullisitc fungicide such as
dithiocarbonate such as mancozeb with combination with first systemi fungicide and
sccond systemic fungicides selected from individual quinone outside or inside
inhibitors, demcthylation inhibitors or succinale dehydrogenase inhibitors. Further
US 741 also fails to disclose the use of such triple combination for treating soybean
rust.

09. Applicant states that the amended claims presented with the response to First
Examination report (Annexure A} do not include chlorothalonit as the contact
fungicide. Therefore, there is no overlap of the amended claims of the present
invention with the disclosure of US*741.

70. With reference to paragraphs 6.3 (g), it is stated that WO2007/052256 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, ¢) at least onc
dispersing agent, and optionally d) a filler, obtainable by a process comprising of
mixing all the ingredients of the premix to obtain a homogenous premix; micronizing
the premix; wetting the micronized premix; granulating the micronized wet premix;
drying the granules and treating said granules with a surfactant agent.

71. This is a platform technology patent application. The main crux of the invention is 1o
provide a water dispersible granule composition which may be applicable for number
of active ingredients disclosed therein. W(Q’256 is not relevant to present invention as
WO'256 fails to disclose the triple combination of a multisite fungicide with

individual quinone outside or inside inhibitors, demethiylation inhibitors or succinale
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dehydrogenase inhibitors. Further WO’256 also fails 10 disclose the use of such triple
combination for treating soybean rust.

72. 1t is pertinent to note that the presently amended ciaims does not falls within the
purview of W(Q’256. WO’256 discloses formulations containing a single active
ingredient. The choice of the single active ingredient may be wide and may inciude
the contact fungicide, the conazole fungicide, the strobilurin fungicide or the SDHI
fungicide. Still, these fungicides arc to be formulated in isolation according to
WQ’256, and are not 1o be used in any combination. Applicant fails to understand as
to how this disclosure is cven relevant to the subject matter of the present invention.

73. With reference 1o paragraphs 6.3 (h), it is stated that US2012/003199 discloses a
method for controtling harmful fungi, which method comprises subjecting plants to be
protected against fungal attack to two or more sequential treatment blocks, where at
feast one treatment block comprises treating the plants with at least one synthetic
fungicide and at least onc treatinent block comprises treating the plants with at least
one biological control agent, with the proviso that the last treatment block comprises
treating the plants with at least one biological control agent selected from Bacillus
suhtilis and metabolites produced therefrom.

74. US 199 essentially relates 1o combination of a synthetic fungicide and a biological
conirol agent such as Bacillius subtititis. Biological agents are critical and cssential
part of invention discosed in US’199. The present invention does not disclose any
biological agents to be used in the combination disclosed therein.

75. US™199 fails to disclose the triple combination of a multisite fungicide with individual
quinone outside inhibitors, demethylation inhibitors and succinate dehydrogenase
inhibitors. Further US*199 also fails to disclose the use of such triple combination for
ireating soybean rust. In light of these difference D7 does not anticipatc present
invention.

76. US 199 discloses the list of synthetic fungicides {hat 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
are taught to be used in combination. The opponent has deliberately atiempted to
mistepresent the teachings of US'199, whereas in reality, this document does not

teach the use of more than one fungicide in combination.
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77. With reference to paragraphs 6.3 (i), it is stated that WO2008/049575 teaches method
for controlling Asian soybean rust comprising (&) applying a pesticidal composition
(A) to a glyphosate tolerant soybean plant propagation material, and () applying a
pesticidal composition (B) to the resulting soybean plant, part of plant and/or the
locus thereof one or more times: i) before emergence, 1i) afler emergence, or iii) both
(i) and (ii), provided that composition (A) comprises one or more of flutriafol,
triticonazole, tebuconazole, ipconazole, epoxyconazole, orysastrobin, prothioconazole
[luoxastrobin, azoxystrobin, furametpyr, cyproconazole, a compound of formula (1)
and a compound of formula (B), and pesticide composition (B} comprises glyphosate;

wherein compound (I} is represented by

{$

F O —

H

- N
N

i
CH,

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

7N
0 —
LN
H >\
Nf v -F

(8)
or a tautomer of such a compound.

78. WO’575 teaches use of glyphosate in combination with the fungicides such as
flutriafol, triticonazole. tebuconazole, ipconazole, epoxyconazole, orysastrobin,
prothioconazole fluoxastrobin, azoxystrobin, furametpyr, cyproconazole. There is no
suggestion that mancozeb or dithiocarbamate fungicides or multi-site fungicides are
an important additton to the composition. Morcover, the compounds {lutriafol,
triticonazole, tebuconazole, ipconazole, epoxyconazole, orysastrobin, prothioconazole
{luoxastrobin, azoxystrobin, furametpyr, and cyproconazole arc suggested 10 be
alternatives to cach other. They are not taught by WO’575 to be used in combination,
which is the cssence 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
WO575 disclose a combination of fungicides with glyphosate for the control of
Asian soybean rust in glyphosate resistant soybean. WO’575 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 fungicides 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 fails to disclose the triple combination of Mancozeb  with  individual
quinone outside inhibitors, demethylation inhibitors and succinate dehydrogenase
inhibitors. Further WQ’575 also fails to disclose the use of such triple combination for
treating soybean rust. In light of these difference WO*575 docs not render the present
invenlion obvious.

80. WO’575 tcaches use of glyphosate in combination with the fungicides such as
flutriafol, triticonazole, tebuconazole, ipconazole, cpoxyconazole, orysastrobin,
prothioconazole fluoxastrobin, azoxystrobm, furametpyr, cyproconazole. There is no
suggestion that mancozeb or dithiocarbamate fungicides or multi-site fungicides are
an important addition to the composition. Moreover, the compounds flutriafol.
triticonazole, tcbuconazole, ipconazole, epoxyconazole, orysastrobin, prothioconazole
fluoxastrobin, azoxystrobin, furamelpyr, and cyproconarole are sugpgested (o be
alternatives to each other. They are not taught by WO’575 1o be used in combination,
which is the essence of the present invention.

81. The present invention on the other hand, teaches the importance of mulli-site
fungicides as being an important clement of the 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. WO’575 fails to teach multi-site fungicides as an cssential part of
the invention, W(Q’575 fails to teach only f{oliar 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 fungicides 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.
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82. W(O’575 fails to disclose the triple combination of Mancozeb with individual
quinone outside inhibitors, demethylation inhibitors and succinate dehydrogenase
inhibitors. Further WQO’575 also fails to disclose the use of such triple combination for
treating soybean rust. In light of these difference W(O’575 does not render the present
invention obvious.

83. With rclerence to paragraphs 6.3 (j), it is slated that W003/022049 discloses an
agriculiural composition comprising at least one agriculturally active compound; at
least onc alkyl polyglycoside; at least one anionic surfactant selected from a
polyarylphenol polyalkoxyether sulfate and a polyarylphenol polyalkoxyether
phosphate; and at least one basic compound; wherein the at least one anionic
surfactant 1s neutralized to the inflection point in the titration curve with the at least
onc basic compound.

84. WO'049 is the platform technology patent. The main crux of the invention is o
provide a composition comprising alkyl polyglycoside; alkyl polyglycoside and basic
compound. WO’049 fails to disclose the triple combination of multisite fungicides
such as mancozeb with individual quinone oulside inhibitors, demethylation
mhibitors and suecinate dehydrogenase inhibitors. Further WO’049 also fails 1o
disclose the use of such triple combination for treating soybean rust.

85. WO'049 merely lists the active ingredients that may be used in isolation in the
disclosed formulation. It does not exemplify even a single formulation that comprises
a combination of iwo or more active ingredients. WO'049 does not disclose that the
compounds can be used alone or may be used in combinations of 2, 3,4, 5,6, 7 or
more. The sentence at page 12, paragraph 3 is a mere speculative statement, but no
exemplification has been provided. A mere speculative statement in the prior art in
question is not cnough 1o sustain a case of obviousness.

86. With reference to paragraphs 6.3 {k), it is stated that WOQU03/005816 discloses a
method of producing lignin-based matrix microparticles for the controlled release of
an agricultural active, the method comprising the steps of: forming an emulsion of an
organic solution in an aqueous solution, wherein the orgzmié solution contains a lighin
derivative and an agricultural actlive in a volatile arganic solvent and the aqueous
solution contains an emulsifier; and removing the organic solvent, thereby producing
microparticles having a matrix comprising the fignin derivative within which the

agricultural active is distributed.
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87. WO’816 is also a platform technology patent. The main invention lies in the process
of forming a lignin-based matrix microparticles. All the examples relates to
Imidacloprid microparticles. A laundry list of active ingredient is mentioned in
WO’816 from which a person skilled in the art can pick and choose a active ingrdient
and make a lignin-based matrix microparticles. WO’816 is nowhere relevant to
present invention, and as such deserves to be discarded.

88. Further WQO’816 also fails to disclose the use of such triple combination for treating
soybean rust. In light of these difference WO'816 does not anticipate present

invention.

89. WO’816 discloses the list of active compounds that includes agricultural fungicides
of multiple sites, such as dithiocarbamates, phthalimides, sulphonamides, guanidine’s
and systemic fungicides, such as DMI: triazoles, Strobilurin compounds and their
mixtures, but the opponent fails to mention that these fungicides are o be used in
isolation. They are not taught to be used in combination with each other.

90. Applicant states that by repeatedly misrepresenting the contents of the cited prior art,
the opponent mischaracterizes the present invention, as also mistakenly making out a
case of obviousness where none exists. WQO’816 never teaches using the fungicides
in combination, which the present invention requires. A mere lincar listing of the
fungicides in question is not sufficient to sustain the ground of obviousness where the
prior art docs not tecach using these fungicides in the exact combination which the
presently amended claims require.

91. With reference to paragraphs 6.3 (1), it is stated that US2002/173529 discloses dual
combinations i.¢c. combinations comprising only two active ingredients. The
compound of formula (1) is US’529 is prothioconazole. US’529 thus discloses
combinations comprising prothioconazole, and a specific triazone derivative of
formula 11, or tebuconazole, or propineb, or mancozeb, or azoxystrobin and so on.

92. There is no disclosure or hint in US’529 towards triple combinations. The present
invention does not claim to have prepared combinations of prothioconazole and
mancozeb for the first time. The 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’529 does not envisage any lriple

combination of fungicides.
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93. With reference to paragraphs 6.3 (m), it is stated US2012/088665 again discloses
irrclevant dual combinations. These combinations include a sullur-containing triazole
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 triazole compound.

94. The present invention relates 1o 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. 1S 665 does not envisage any triple combination of fungicides.

95. The list of compound 11 includes systemic fungicides, but they are stated to be
alternatives to cach 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 sufficient to
sustain the ground of obviousness, but this 1s 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 ol how to combine these fungicides, which
is absent in the present case. Thus, the ground of obviousness sought lo be made by
the opponent is unsustainable.

96. With reference to paragraphs 6.3 (n), it is stated US6,569,809 discloses a concerntrated
formulation comprising glyphosate and flumioxazin. UUS’809 further discloses that
instead of glyphosate, certain other water soluble active ingredients may be present,
and instead of flumioxazin also, certain other water insoluble herbicides may be
present. 1t is not clear to the applicant as to how the disclosure of this reference is
cven remotely relevant to be subject matier of the present invention.

97. The present invention relates 1o a triple combimation comprising three fungicides: at
least one multisitec contact fungicides, and at least two systemic fungicides: selected
from strobilurin fungicides, or conazole fungicides or succinale dehydrogenase
inhibitor fungicides. US 809 does not envisapge any triple combination of fungicides.

98. The list of additional compounds disclosed in US’809 includes sysiemic fungicides,
but they are stated to be alternatives to each other and are never cxemplified to have
been used in combination. The opponent thinks that a mere listing of the fungicides in
the prior art is sufficient to sustain the ground of obviousness, but this is not true.
Applicant states that in order to sustain the ground of cbvicusness, more than a merc

fisting 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. Thus, the ground of
obviousness sought to be made by the opponent is unsustainable

99. With reference to paragraphs 6.3 (o), it is 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, carbamates and other inorganic
compounds. Thus, it would have been absolutely clear to anybody who would have
read UUS 696 that it relates to double combinations comprising a strobilurin and
another fungicide.

100.The 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’696 does not envisage any triple combination of fungicides,
nor its use for the control of soybean rust.

101.The epponent has again and again cited a mere listing of the fungicides in the prior art
as being sufficient to sustain the ground of obviousness, but 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 combine these
fungicides, which is absent in the present case. Thus, the ground of obviousnecss
sought to be made by the opponent is unsustainable.

102. With reference to paragraphs 6.3 (p), it is stated US2013/0309327 again discloses
dual combinations. It discloses combinations of sulphur with a second active
ingredient which is either strobilurin or a conazole, but according to the disclosure of
US’327, it cannot be both strobilurin and conazole. Thus, it would have been
absolutely clear to anybody who would have read US'327 that it relates to double
combinations comprising sulphur and a second fungicide.

103.The 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’327 does not envisage any triple combination of fungicides,
nor ils use for the control of soybean rust.

104. With relerence to paragraphs 6.3 (q), it is stated that US2008/269174 is irrelevant to
the presently claimed subject matier. It discloses combinations comprising

tebuconazole and at least one of another set of compounds which includes
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azoxystrobin. The disclosed second set of fungicides does not include mancozeb.
Thus, US™174 fails to disclose combinations comprising mancozeb, a strobilurin
fungicide and a conazole fungicide. US’174 essentially discloses double combinations
comprising tebuconazole and a second fungicide.

105.The present invention relates to a triple combination comprising three fungicides: at
least one multisite contact fungicides, and at least two systemic fungicides: sclected
from strobilurin fungicides, or conazole fungicides or succinate dehydrogenase
inhibitor fungicides. US”174 does not envisage any triple combination of fungicides,
nor its use for the control of soybean rust,

106. Although US’174 discloses strobilurins, and other mullisite contact fungicide in the
list of possible fungicide B, it does not teach inluding more than one type of the
fungicide B in combination with tebuconazole. The listing of strobilurin and multisite
fungicides as fungicide B is in the alternative i.e. if onc is used the other is not used.
This is away from the concept of using them in a combination.

107. 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; 2011 docs not
disclose fungicides for the control of soybean rust, but for grapevine powdery mildew.
In its closest approach to the subject matter of the present invention, this article
discloses the combination of tebucenarzole and trifloxystrobir, but mancozch or any
other multisite fungicide at all is not disclosed to be used in this combination. In fact,
this article does not teach any combination comprising mancozeb at all.

108. The Applicant furher states that this article always refers to a double combination of
fungicides i.e. cither one multisite with one systemic fungicide, or two systemic
fungicides. There is no disciosure of a triplec combination of fungicides including at
least one multisite fungicide with at least two systemic {ungicides.

109.In contrast the present invention rclates to a triple combination comprising three
fungicides: at least onc multisite contact fungicides, and at lecast two systemic
fungicides: selected from strobilurin fungicides, or conazole fungicides or succinate
dehydrogenase inhibitor fungicides. This article does not envisage any firiple
combination of fungicides, nor its use for the control of soybean rust.

110. With reference to paragraphs 6.3 (s) and (t), it is submitted that to make such specific
selection of one multisite contact fungicides, and at least two systemic fungicides:
sclected from strobilurin fungicides, or conazole {ungicides or succinate

dehydrogenase inhibitor fungicides 1o 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 therefore it
is stated that the present invention involve “inventive step” as mentioned in section
2(1)(ja) of the Patents Act, 2005,

111.With reference to paragraphs 6.3 (u),it is stated in the view of the above submission
the present invention is not obvious for a person skillen in the art in view of the
combine teachings of the prior art docwments Annexure H-XVIII to arrive at the
composition claimed in amended claim 1 and method for treatment as claimed in
amended claim 9.

112.The Applicant states that as evident , from above submission that the non-disclosure
of the claimed combinations in the cited prior art implies that the present invention
would have been non-obvious and invelves an inventive step. 1t has been seen above
that almost all of the above cited prior references discloses only a double combination
of fungicides. None of the disclosed combinations envisage the presence of a multisite
funsicide, specifically mancozeb, in this combination. None of the disclosed
combinations recite a triple combination of fungicides including a multisite fungicide
such as mancozeb. In contrast, the present invention relates 1o a triple combination
comprising three fungicides: at least onc multisite contact fungicides, and at least two
systemic fungicides: selected from strobilurin fungicides, or conazole fungicides or
succinate dehydrogenase inhibitor fungicides.

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

invention involves an inventive step, and relies on the Expert Affidavit Dr. Gilson

Oliveira in its entirety filed with the Response to the First Examination Report of the
instant application as being part and parcel of the present reply statement filed with
the Response to the First Examination Report of the instant application as being part
and parcel of the present reply statement, and adopts the reasoning provided by Dr.
Oliveira as a part of the applicant’s reply statement, which are not repeated herein
merely for the sake of brevity. Applicant annexed herewith a copy of affidavit of Dr.
Gilson Oliveira as Annexure B.
114.Relying on the evidence set forth by Dr. Oliveira, applicant states that the presently
amended claims involve an inventive slep:
1. Because none of the cited prior art discloses a triple fungicidal

combination comprising at lcast one multisite fungicide and at least two
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9.

26 of 728

systemic fungicides selected from a quinonre outside inhibitor, a quinone
inside inhibitor, a demethylation inhibitor and a succinate dehydrogenase
inhibitor, or a method for treating soybean rust in a host leguminous plant

by applying these combinations;

Because the prior arl envisaged the dual combination of systemic
fungicides without the multisite contact fungicides; and because the
efficacy of these systemic fungicides had been reducing gradually with

usage over the years;

Because the presence of a multisite fungicide as recited reversed this

gradual decline in the fungicidal efficacy of the systemic fungicides;

Because the efficacy of cyproconazole + azoxystrobin mixture over six
scasons reduced from 90% in 2003/04 to 2013/14 ctlicacy of only 41%
control, and because of a muitisite fungicide, this declining trend was

reversed;

Because for cyproconazole + picoxystrobin mixiure over six scasons, the
cfficacy reduced by 9.0% per year, reaching 37% control crop in 2013/14,

and because ol a multisite fungicide, this declining trend was reversed;

Because for epoxiconazole + pyraclostrobin mixture over six scasons.
from the 2009/10 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 multisite fungicide, this trend was reversed;

BBecause  from 2008/09 the average effectiveness of mixtures
"cyproconazole + azoxystrobin”", “cyproconazole + picoxystrobin” and
“epoxiconazole + pyraclostrobin" 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 multisite contact fungicide;

Because the experimental results of Dr. Oliveira demonstrate that the
addition of the multisite fungicide such as mancozeb fungicide not only
enhances the percentage control, but also reverts the observed control to

the ariginal level of 80%;

Because the 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 mulitisite contact
fungicides;

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 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 inhibitor + quinone outside inhibitor and reveris it to the
original known efficacy or better efticacy;

Because it was observed that in the presence of mancozeb, there was 15 to
30% reduction in the percentage incidence of soybean rust;

Because these combinations comprising mancozeb in addition to a
demethylation inhibitor and a quinone outside inhibitor were approved by

EMBRAPA for the control of soybean rust, whereas 63 other existing

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

a multisite fungicide;
Because the resulting triple combination of a multisite contact fungicides

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

Colby’s formula;

Because it was found that mancozeb. a multisite fungicide, surprisingly
enhances the cfficacy in a triple combination (present invention} more than
it does in a double combination (prior art). In the double combinations
(prior art), mancozeb was found to actually amtagonize the efficacy of
either a strobilurin or a conazole fungicide, but its efficacy cnhancing role
was consistently greater than 20% or 30%, and being near about 50% -

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

Because the exact combination of fungicides as claimed is critical and the
addition of an optional other insecticide tended to antagonize the

combination;

Because fipronil, an insecticide, when sprayed together with
Trifloxistrobin + Ciproconazol + Mancozeb promoted antagonism in the

control of Phakopsora pachyrhizi 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 effect;

Because fipronil, when sprayed together with Azoxistrobin + Ciproconazol
+ Mancozeb promoted antagonism in the control of Phakopsora
pachyrhizi in the evaluations of 7 DAC and thus the exactly claimed

combination was critical for synergistic effect;

Because fipronil, when sprayed together with Trifloxistrobin +
Tebuconazol + Mancozeb promoted antagonism in the control of
Phakopsora pachyrhizi in the evaluation of 7 DAC and thus the exactly

claimed combination was critical for synergistic effect;

Because antagonism was observed in most of the evaluations in mixtures

of strobilurin fungicide + conazole fungicide + Mancozeb with Fipronil;

Becausc the addition of fipronil an extraneous insecticide, was found to
antagonize the fungicidal efficacy of a triple combination of fungicides
consisting of mancozeb, a strobilurin fungicide and a conazole lungicide,
and because the triple combination as claimed herein was critical in the

presence of the three fungicides cxactly as recited herein;

Because the role of the multisite contact fungicides in dual combinations
was substantially different and inferior vis-a-vis its role in triple
combinations of the present invention:

Because the addition of mancozeb, to cither a strobilurin fungicide or a
conazole fungicide, did not significantly enhance the efficacy of the
strobilurin or the conazole fungicide in isolation, but in fact was almost
always antagonistic, being mildly additive (about +1.1%) to being
critically antagonistic (varying from about -1.5 to about -10.0), but the
benefits of adding mancozeb to a double combination of systemic
fungicides ic. a combination comprising a conazole fungicide and a
strobilurin fungicide, was unexpected and surprising;

Because upon addition of mancozeb, to a strobilurin fungicide and a
conazole fungicide combination, the resulting efficacy was surprisingly
grealer than what was expected (rom a knowledge of the improvement
accruing 10 the efficacy of either the strobilurin fungicide or the conazole

fungicide in isolation, and that it was consistently greater than 20% (i.e.
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double the improvement in the isolated strobilurin or the conazole
fungicide), mostly greater than 30% (i.e. triple the improvement in the
isolated strobilurin or the conazole fungicide), and preferably greater than
50% or about 60% (i.e. 5 or 6 times the improvement in the isolated

strobilurin or the conazole fungicide);

Because the association of mancozeb with conunercial products based in
mixtures of pyraclostrobin and epoxiconazole, picoxystrobin and
ciproconazole and azoxystrobin and ciproconazole increased the yield
synergistically;

Because the presence of a multisite contact fungicide such as mancozeb
reduced the sensitivity reduction factor (SRF) of the systemic fungicides to

less than 1.0;

Because it was mathematically found that for mancozeb, the calculated
resistance lactor (FR) was the lowest value compared to other products,
which may suggest, duc to its non-specific mode of action, that the active

exerted a lower or no sclection pressure;

Because it was found that the greater adoption of multisite fungicides
{mancozeb) in Rio Grande do Sul State help to keep the sensitivity
reduction factor of axzoxystrobin, trifloxystrobin, ciproconazol and

tcbuconazo! less than in Parana State i.c. led 1o a better efficacy;

Because the increase in the sensitivity reduction factor in Parana stale,
where mancozeb use was not prevalent, was 90.62%, whereas in Rio

Grande state where mancozeb use was prevalent. it was only 39.91%;

Because it was found that a lower multisite fungicide i.e. mancozcb
adoption led to a greater resistance 1o the fungicides, in turn leading to
lower fungicidal efficacy in Parana State, whereas, a greater mancozeb
adoption led to a lower resistance to the fungicides, in turn leading to

significantly higher fungicidal efficacy in Rio Grande do sul State;

Because for the first time, by way of the present invention, it was
scientifically possible to correlate the sensitivity reduction factor to the
adoption of mancozeb used in the treatment wvsed to control the fungal

infection;
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Because the presence of a multisite contact fungicide surprisingly reduces

the phytotoxicity due 1o the resulting triple combination;

Because from the phytoloxicity resulls, it was seen that 7 days after fourth
spray (7 DA'T D), a significant reduction of phytotoxicity using Mancozeb
in association of a demethylation inhibitor fungicide namely

Prothioconazole in combination with Trifloxystrobin was noted,

Because, it was found surprisingly found that mancozeb reduced the
phytotoxicity of prothioconazaole 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 becausc (he contribution of mancozeb in reducing the
phytotoxicity of a double combination of systemic fungicides is more than
its contribution in reducing the phytotoxicily of single systemic fungicide
in isolation;

Because. like mancozeb, chlorothalonil also increased the efficacy of a
dual combination of systemic fungicides from between 1.5% to 20.0%,
and more importantly, the trend of decay in the efficacy of the systemic

fungicides combination was reversed;

Because, like mancoreb, copper oxychloride also increased the efficacy of
a dual combination of systemic fungicides by about 25.0%, and more
inportantiy, the trend of decay in the efficacy of the systemic fungicides
combination was reversed:

Because of the sccondary evidence set forth by Dr, QOilveira in the form ol

a reasonable expectation of a person skilled in the art;

Because prior to the publication of the present application, there had been
a general scientific prejudice in the state of the art agamst the use of
multisite fungicides in soybean rust control program. and because ihe
publication of the present application decisively marked an end to this
scientific prejudice, lo the extent that the current thinking in the scientific
community took a dramatic turn immedialely after the publication of the
present application;

Because Dr. Claudia Godoy’s research publications prior to November

2015 being Papers 1 — 15, no mention could be found regarding the use of
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a multisite fungicide for controlling soybean rust, but in 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 a multisite contact fungicide in
addition to the mixture of triazoles and/or strobilurins and/or SDHIs

leads to surprisingly beneficial effect;

Because the post-published Paper 16 proves that in a combination of
picoxystrobin + cyproconazole, the addition of multisite fungicides copper
oxychloride (16%), chlorothalonil (15%), mancozeb (15%), copper sulfate
(19%), propineb (19%), and fluazinam (20%) leads 10 a surprising increase

in efficacy of the double combination of systemic fungicides;

Becausc Paper 16 also proves that this improvement was seen for the

combination of azoxystrobin and SDHI fungicide benzovindiflupyr;

Because Papers 17 — 21 also demonstrate the increase in the efficacy of the
systemic fungicide combination due to the addition of a multisite
fungicide;

Because, as opinionated by Dr. Oliveira, the use of a multisite contact
fungicide for treating soybean rust is a very unconventional idea, one that
would not occur to a skitled agronomist without the benelit of hindsight,
and that these multisite fungicides were being used historically for the
control of soybean rust, but with the advent of strobilurin, conazole and
SDHI class of fungicides, the multisite contact fungicides were superseded
by the later discovered systemic fungicides, thus, reconsidering the use of
multisite fungicides for soybean rust control would have been akin to
moving backwards in technology, and thus unlikcly to have been

considered seriously by a person skilled in the art.

Because the pathogen for rust penetrales and colonmizes the leal tissue,
forming necrotic lesions, and due to its penctrative naturc. it has always
been treated with systemic fungicides i.e. fungicides absorbed within the
plant tissues while multisite contact fungicides have not been

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

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 did not have a favorable influence on the
standard known treatment regime of strobilurin + conazole fungicides for

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

46. Because Paper 11 concludes that - Fungicide trials in India (Patil and
Anahosur, 1998) identified several triazole compounds, hexaconazole,
triadimefon, propiconazole and difenoconazole, which performed better
than mancozeb, tridemorph and chlorothalonil, which discussion clearly
discourages a person skilled m the art from considering the use of contact
fungicides in soybean rust control programs;

47. Because considering Dr. Claudia Godoy’s publications on rust control
before and after the publication of the present application, Dr. Oliveira
concludes that the publication of this application did precipitate a
turparound 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.

112 With respeet 1o the ground of Section 25(1 {d) (paragraph 6.4 (a) to 6.4 (g)), it is
stated that None of these cited prior commercial products envisages any (riple
combination of lungicides, nor its use for the control of soybean rust as explained

below.
e Avtar (zinch 68% + hexaconarzole 4% WP). MERGER (tricyclazole 8% +
mancozch 62% WP). Naltive (trifloxystrobin 10 25% + tcbuconazole to 50%).

Unicorn DF (tebuconarole 1o 4.5% sulfur content to 70%).

¢ AVTAR is again a dual combination of fungicides. It discloses a

combination of zineb and hexaconarzole. Zineb is not mancozeb. Secondly, it

doces not recite the presence of a strobilurin fungicide.

» MERGER discloses a double combination comprising mancozeb and

tricyclazole. It does not envisage the presence of a strobilurin fungicide in this

combination.

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

specifically mancozeb, in this combination.

s« UNICORN again discloses a double combination comprising tebuconazole

and suiphur. It does not envisage the presence of a multisite fungicide,

specifically mancozeb, or a strobilurin fungicide, in this combination.

113 In contrast the present invention relates to a triple combination comprising three
fungicides: at least onc multisite contact fungicides, and at least two systemic
fungicides: selected from strobilurin fungicides, or conazole fungicides or succinate

dehydrogenase inhibitor fungicides.

114 1t is therefore stated that none of these cited prior commercial products envisages any
triple combination of fungicides or its use for the control of soybean rust.

115 With respect to the ground of Section 25(1)(f) (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.

116 With respect to the ground of Section 25(1)(f) (paragraph 6.5 (b)), the applicant
states that the opponent has alleged that the present invention does not involve any
inventive step, is obvious and does not have any industrial application. It is stated
that such allegations are totally baseless and without any support.

117 With respect to the ground of Section 25(1)(f) {paragraph 6.5 (¢)), it is stated that the
applicant has demonstrated herein above thal the present invention is novel and
inventive in view of the tcachings of prior art (Annexure 1, I, IV, V, Vi, VII and
V1T as well as Annexure 1X to XXIH.

118 The Applicant states the inventive step of the present invention (significant
feature/component/characteristic) is also supported by the Expert Affidavit of Dr.
Gilson Oliveira whereas the opponent fail to file any expert evidence to show that the
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 demonstrated herein above that the present invention is novel in view
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of the teachings of prior art (Annexure II-V1Ii) and inventive in view of the teachings
of Annexure Il to XXIIIL

With respect to the ground of Section 25(1)(f) (paragraph 6.5 (e)), it is respectfully
submitted that Accorcding to Section 3(d) of the Patents Act, 1970 “the mere
discovery of a new form of a known substance which does not result in the
enhancement of known efficacy of that substunce or the mere discovery of any new

property or new use for a known substance or of the mere use of a known process,

machine _or_apparatus _unless such known process resulls in_a _new product _or

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

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 sysicmic fungicide).

The Applicant relies upon the submission made hercinbefore to show that the
presently amended claims are novel and inventive and the same is not reproduced
below for the sake of brevity.

It is therefore submitted that presently amended claims are novel and invenlive and
possesses improved efficacy and therefore does not relates (o new form of the known
substance or new use ol a known substance.

In view of the above submission the present invention does not attract clause (d) of
Section 3(d) of the Patent Act.

The Applicant further relics upon the Expert Affidavit of Dr. Gilson Oliveira 1o
demonstrate improved ethicacy of the composition of the present invention over
commercial known products.

With respect to section 3 (¢) of the Patent Act, it is respectfully submitted that
According to Section 3{e) of the Patents Act, 1970 “a substance obtained by a mere
admixture resulting only in the aggregation of the properties of the components
thereof or a process for producing such substance ™ 1s not patentable under this Act.
It is submitted that the presently amended claims relates to a composition comprising
atleast three fungicides (i.e. selected from multi-site coalact fungicide, a first
systemic fungicide; and an additional second systemic fungicide).

It is submitted that the addition of dithiocarbamate [multi-site contact fungicide] to
mixture of strobilurin and triazole fungicides [demcthylation inhibitor (DML +
quinine outside inhibitor (Qol)] increase disease control and improved yicid 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 Mancozeb acted a synergist to the combination
products registered for the treatment of Asian soybean rust.

The Applicant further relies upon Expert Affidavit of Dr. Gilson Oliveira to
demonstrate the synergistic effect of the composition of the present invention. The
opinion of Dr. Oliveria under the ground of inventiveness is relied upon herein to
show that the presently claimed invention does not attract Section 3(e) of the Act.

It is therefore submitted that the composition claimed in the present invention is not a
mere admixture and provides synergistic effect to control soyabean rust.

With reference to section 3 (h) of the Patent Act, According to Section 3(h) of the
Patents Act, 1970 “a method of agriculture or horticulture” is not patentable under
this Act.

It is submitted that the presently amended claims relates to a composition comprising
atleast three fungicides (i.e. seleclted from multi-site contact fungicide, a first
systemic fungicide; and an additional second systemic fungicide) and a method for
treating soybean rust in a host leguminous plant,

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 therefore it is stated that the present invention does not attract
clause (h) of Section 3.

With respect 1o 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 1o perforin or work the invention. The claims
have been amended and are sufficiently based on the matter disclosed in the complete
specification.

The applicant further states that in view of the data provided by Dr. Qliveira, the
amended claims are now supported by sufficient 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
fungicides.

In view of the above arguements it is stated that the complete specification and
amended claims meet the suficiency requirement of the complete specification in
order to be performed present invention by a person skilled in the art.

With respect 1o 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
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delay in providing particulars of foreign filings corresponding to the instant
application and fresh form 3 with updated status is submitted herewith the same may
be kindly taken on record.

138 With respect to the ground of Section 25(1)(k) (paragraph 6.8) it is stated that the as
explained hereinabove that the present invention is novel and inventive and thercfore
the present invention is not anticipated having regards to the knowledge, oral or
otherwise, available within any local or indigenous community in India or elsewherc,
in the world. It is therefore stated that the ground of 25(1) (k) cught to be dismissed.

139 In view of the above the applicant vehemently denies the allegations put forward by
the opponent as misconstrued and baseless and without any merit and is totally
directed to delay the grant of the present application. The opposition may accordingly

be dismissed with exemplary cost against the opponent.

140 The Applicant prays for:

(i) that the reply statement be taken on record along with the supporting
evidence by Dr. Gilson Oliveria;

(it) that the apposition by way of representation be rejected in toto;

(iii) that Icave to provide further expert evidence, if required, be granted;

(iv) that an early hearing be fixed;

(v) that the opposed application be proceeded (o grant;

(vi) that exemplary cost against the opponent be awarded so as lo demotivale
others from indulging in such illegal and uncthical activities; and

(vii)Such other reliefs that the [.d. Controller considers fit and appropriate under

the facts and circumstances of the case.

141 In the light of the above, the applicani denics all the allegations put forward in the
representation by the Opponent and requests the Ld. Controller 1o dismiss the

opposition.
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142 We humbly pray that the application may be proceeded to grant.

Dated this the 04" day of October 2019

DR. SANCHITA GANGULI
IN/PA No. 625
Of 8. Majumdar & Co.
(Applicant’s Agent)

To

The Controller of Patents
The Patent Office Branch
Kolkata
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WE CLAIM:

1.

ANNEXURE A

A fungicidal composition comprising at least one mulli-site contact

fungicide;

a first systemic fungicide and an additional second systemic

fungicide, wherein

the multi-site contact fungicide is selected from:

(i)

(i)
(i)

(iv)
(v)

(vi)

(vii)

(viii)
(ix)

copper fungicides selected from copper oxychloride, copper
sulfate, copper hydroxide and tribasic copper sulfatc (Bordeaux
mixture);

elemental sulfur;

dithiocarbamate fungicides seclected from amobam, asomate,
azithiram, carbamorph, culraneb, cuprobam, disulfiram, ferbam,
metam, nabam, tecoram, thiram, urbacide, ziram, dazomet, etem,
milneb, mancopper, mancozeb, maneb, metiram, polycarbamate,
propineb and zineb;

phthalimide fungicides selected from folpet, captan and captafol;
sulfamide  fungicides selected from  dichlofluanid  and

tolyluanid;

guanidine fungicides selected from dodine, guazantine and
iminoclaadine;

anilazine;

dithianon; or

combinations thereof.

the first and second systemic fungicides are selected from a quinone outside

inhibitor, quinone inside inhibitor, demthylation inhibitor, and succinate

dehydrogenase inhibitor; wherein:
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(i)

(i)

(iii)
(iv)

(v)

the quinone outside inhibitor is selected from fenamidone,
famoxadone, and a strobilurin fungicide selected from the group
consisting of azoxystrobin, mandestrobin, coumoxystrobin,
enoxastrobin, flufenoxystrobin, pyraoxystrobin, dimoxystrobin,
enestrobin, fluoxastrobin, kresoxim-methyl, metominostrobin,
orysastrobin, picoxystrobin, pyrametostrobin, triclopyricarb,

fenaminstrobin, pyraclostrobin and tritfloxystrobin;

the demethylation inhibitor is sclected from triflumizole,
triforine, pyridinitrile, pyrifenox, fenarimol, nuarimol, triarimol
and a conazole fungicide selected from the group consisting of
climbazole, clotrimazole, imazalil, oxpoconazole, prochloraz,
prochloraz-mangancse, triftumizole, azaconazole, bitertanol,
bromuconazole, cyproconazole, diclobutrazel, difenoconazole,
diniconazole, diniconazole-M, epoxiconazole, etaconazole,
fenbuconazole,  fluotrimazole, fluquinconazole, flusilazole,
flutriafol, furconazole, furconazole-cis, hexaconazole,
imibenconazole,  ipconazole,  mciconazole, myclobutanil,
pencoconazole, propiconazole, prothioconazole, quinconazole.
simeconazole, iebuconazole, tetraconazole,  triadimelon,
triadimenol.  triticonazole, uniconazole, perfurazoate and

uniconazole-P;
the quinone inside inhibitor is amisulbrom; and

a succinate dchydrogenase inhibitor selected from the group
consisting of benodanil, flutolanil. mepronil, fluopyram,
fenfuram, carboxin, oxycarboxin, thifluzamide, bixafen,
fluxapyroxad. furametpyr, isopyrazam, penflufen, penthiopyrad,

sedaxane and boscalid;

combinations thercof,

provided that said first and second systemic fungicides are not same.
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2. The fungicidal combination as claimed in claim I, wherein the multi-site

contact fungicide is mancozeb.

3. The fungicidal combination as claimed in claim | or claim 2, wherein the
5 systemic fungicide is a combination of a quinonc outside inhibitor and a

demethylation inhibitor.

4. The fungicidal combination as claimed in claim | comprising:
a multi-site contact fungicide comprising mancozeb;

o at feast onc strobilurin fungicide sclected from the group consisting of
azoxystrobin, mandestrobin, coumoxysirobin, enoxastrobin,
flufenoxystrobin, pyraoxystrobin, dimoxysirobin, cenestrobin, luoxastrobin,
kresoxim-methyl, metominostrobin, orysastrobin, picoxystrobin,
pyramelostrobin,  triclopyricarb,  fenaminstrobin,  pyraclostrobin - and

15 trifloxystrobin; and
at least one conarole fungicide selected from prothioconazole, tebuconazole,

cyproconazole, epoxiconarzole, metconazole and tebuconazole.

5. The fungicidal combination as claimed in claim | to 4, wherein the systemic

20 fungicide is a combination of (i) a strobilurin fungicide selected from
trifloxystrobin, picoxystrobin, azoxystrobin or pyraclostrobin; and (i) a

conazole  fungicide  sclected  from  prothioconazole, tebuconazole,

cyproconarole, epoxiconazole, metconazole and tebuconazole.

25 6. The fungicidal combination as claimed in claim 1 to 5, wherein:
(i) the strobilurin fungicide is trifloxystrobin and the conaxzole fungicide is
prothioconazole; or
(ii) the strobilurin fungicide is picoxystrobin and the conazole fungicide is
tebucenazole; or
30 (it} the strobilurin fungicide is picoxystrobin and the conazole fungicide is

cyproconazole; or
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(iv) the strobilurin fungicide is azoxystrobin and the conazole fungicide is
cyproconazole; or
(v) the strobilurin fungicide is pyraclostrobin and the conazole fungicide is
epoxiconazole; or
(vi) the strobilurin fungicide is pyraclostrobin and the conazole fungicide is
tebuconazole; or
(vii)the strobilurin fungicide is pyraclostrobin and the conazole fungicide is
metconazole; or
(viii) the strobilurin fungicide is trifloxystrobin and the conazole fungicide is

cyproconazole, propiconazole or tebuconazole.

7. A {ungicidal combination as claimed in claim | 1o 6 comprising
mancozeband a strobilurin fungicide selected from the group consisting of
azoxystrobin, mandestrobin, coumoxystrobin, enoxastrobin,
flufenoxystrobin, pyraoxystrobin. dimoxystrobin, encstrobin, fluoxastrobin,
kresoxim-methyl, metominostrobin, orysastrobin, picoxystrobin,
pyrametostrobin,  triclopyricarb,  {enaminstrobin,  pyraclostrobin  and
trifloxystrobin  and atleast one conazole fungicide sclected from
prothioconazole, tebuconazole. cyproconazole, epoxiconazole, metconazole

and tebuconazole..

8. The fungicidal combination as claimed in claim | to 7. wherein the

strabilurin fungicide is azoxystrobin or kresoxim-methyl.

9. A method for treating soybean rust in a host teguminous plant, wherein the
method comprises treating the plant at the locus of the infection with a
fungicidal combination comprising at least one multi-site contact fungicide;
a first systemic fungicide; and an additional second systemic fungicide,

wherein

the multi-site contact fungicide is selected from:
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(i copper fungicides selected from copper oxychloride, copper
sulfate, copper hydroxide and tribasic copper sulfate (Bordeaux
mixture);

(ii) elemental sulfur;

5 (iii) dithiocarbamate fungicides selected from amobam, asomate,
azithiram, carbamorph, cufraneb, cuprobam, disulfiram, ferbam,
metam, nabam, tecoram, thiram, urbacide, ziram, dazomet,
ctem, milneb, mancopper, mancozeb, maneb, metiram,
polycarbamate, propineb and zineb;

I (iv) phthalimide fungicides selected from folpet, captan and
caplafol;

(v} sulfamide fungicides selected from dichlofluanid and
tolylfluanid;

(vi) guanidine fungicides selected from dodine, guazantine and

15 iminoctaading;

(vii) anilazine;
(viin) dithianon; and

(ix} combinations thereof:

20 the first and second systemic fungicides are selected from a quinone outside
nhibilor. quinone inside inhibitor, demthylation inhibitor. and succinate
dehydrogenase inhibitor; wherein:

(i) the quinone outside inhibitor is selected from fenamidone,
famoxadone, and a strobilurin fungicide sclected from the

25 group  consisting  of  azoxystrobin,  mandesirobin,

coumoxystrobin, enoxastrobin, Tufenoxystrobin,

pyraoxystrobin, dimoxystrobin, enestrobin, fluoxastrobin,

kresoxim-methyl, metominostrobin, orysasirobin,
picoxystrobin, pyrametostrobin, triclopyricarb,
30 fenaminstrobin, pyraclostrobin and trifloxystrobin;

(i1) the demethylation inhibitor is selected from triflumizole,

triforine, pyridinitrile, pyrifenox, fenarimol, nuarimol,
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triarimol and a conazole fungicide selected from the group
consisting  of  climbazole, clotrimazole,  imazalil,
oxpoconazole, prochloraz, prochloraz-manganese,
triflumizole, azaconazole, bitertanol, bromuconazole,
cyproconazole, diclobutrazol, difenoconazole, diniconazole,
diniconazole-M, epoxiconazole, etaconazole, fenbuconazole,
fluotrimazole,  fluguinconazole, flusilazole, fiutriafol,
furconazole, furconazole-cis, hexaconazole, imibenconazole,
ipconazole, metlconazole, myclobutanil, pencoconazole,
propiconazole, prothioconazole, quinconazole, simeconazole,
tebuconazole, tetraconazole, triadimelon, triadimenol,
triticonazole, uniconazole, perfurazoate and uniconazole-P;

(iiiy  the quinone inside inhibitor is amisulbrotn; and

(iv)  a succinate dehydrogenase inhibitor selecied from the group
consisting of benodanil, flutolanil, mepronil, fluopyram,
fenfuram, carboxin, oxycarboxin, thifluzamide, bixafen,
fluxapyroxad, furametpyr, isopyrazam, penflufen,
penthiopyrad, sedaxane and boscalid; or

{v) combinations thercof,

provided that said first and second systemic fungicides are not same.

10. The method as claimed in claim 9, wherein the multi-site contact fungicide is

mancozchb.

11. The method as claimed in claims 9 or claim 10, wherein the systemic
fungicide is a combination of a quinone outside inhibitor and a

demethylation inhibitor.

12. The method as claimed in claim 9 wherein:

a multi-site contact fungicide is mancozeb;
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at least one strobilurin fungicide is selected from the group consisting of

azoxystrobin, mandestrobin, coumoxystrobin, enoxastrobin,

flufenoxystrobin, pyraoxystrobin, dimoxystrobin, enestrobin, fluoxastrobin,

kresoxim-methyl, metominostrobin, orysastrobin, picoxystrobin,
5 pyvrametostrobin, triclopyricarb, fenaminstrobin, pyraclostrobin  and

trifloxystrobin; and

at least ome conazole {ungicide is sclected from prothioconazole,

tebuconazole, cyproconazole, epoxiconazole, metconazole and tebuconazole.

1o 13. The method as claimed in any one of the claims 9 to 12, wherein the
systemic fungicide is a combination of (1) a strobilurin fungicide sclected
from trifloxystrobin, picoxystrobin, azoxystrobin or pyraclostrobin; and (ii) a
conazole fungicide selected {rom  prothioconazole, tebuconazole,

cyproconazole, cpoxiconazole, meiconazole and tebuconarole.

15
4. The method as claimed in any onc of the claims 9 to 13, wherein:
(i)  the strobilurin fungicide is trifloxystrobin and the conazole fungicide
is prothicconazole; or
20 (i} the strobilurin fungicide is picoxystrobin and the conazole fungicide is
tebuconazole; or
(iii) the strobilurin fungicide is picoxystrobin and the conazole fungicide is
cyproconazole; or
(iv} the strobilurin fungicide is azoxystrobin and the conazole fungicide is
25 cyproconazole; or
(v} the strobilurin (ungicide is pyraclostrobin and the conazole fungicide is
epoxiconazole: or
(vi) the strobilurin {ungicide is pyraclostrobin and the conazole Tungicide is
tebuconazole; or
30 (vii) the strobilurin fungicide is pyraclostrobin and the conazole fungicide

is melconazole; or
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(viii) the strobilurin fungicide is trifloxystrobin and the conazole fungicide is

cyproconazole, propiconazole or tebuconazole.

15. The method as claimed in any one of the claims 9 to 14 comprising:
5 mancozeb;
a strobilurin fungicide selected from the group consisting of azoxystrobin,
mandestrobin, coumoxystrobin, enoxastrobin, flufenoxystrobin,
pyraoxystrobin, dimoxystrobin, encstrobin, fluoxastrobin, kresoxim-methyl,
metominostrobin, orysastrobin, picoxystrobin, pyrametostrobin,
10 triclopyricarb, fenaminstrobin, pyraclostrobin and trifloxystrobin; and
at least one conazole fungicide selected from prothioconazole, tebuconazole,

cyproconazole, epoxiconazole, metconazole and tebuconazole.

16. The method as claimed in any one of the claims 9 lo 15, wherein the

15 strobilurin fungicide is azoxystrobin or kresoxim-methyl.

Dated this 26" day of November 20173
20 DR. SANCHITA GANGULI
IN/PA No. 625

Of S. Majumdar & Co.
{(Applicant’s Agent)
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And

in the matter of The Patents
(Amendment) Rules, 2006 and as

amended in 2016;
F'u"id

in The Matter of Patent Application No.
1336/K0OL/2013 dated November 26,
2013 in the name of UPL LIMITED,
Entitled  “A METHOD FOR CONTROLLING
RUST”, having its principal place of
business  at  Agrochemical Plant,
Durgachak Haldia - 721 602, Midnapore
Dist. West Bengal, India.

.........Applicant
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AFFIDAVIT

|, Dr. Gilson Oliveira, solemnly affirm and declare as under:

1. 1 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 agrochemicals, | am competent to depose this affidavit.

3. | have been provided with the copy of Indian Patent Application No.
1336/K0L/2013 (referred herein after as “1336), filed in the name of UPL
LTD entitled “A METHOD FOR CONTROLLING RUST" of which | am one of

the inventors.

4. The present invention relates to a fungicidal combination comprising at
least one multisite fungicide and at least two systemic fungicides selected
from a quinone outside inhibitor, a quinone inside inhibitor, a demethylation
inhibitor and a succinate dchydrogenase inhibitor. The present invention
also relates to a method for treating soybean rust in a host leguminous
plant by applying these combinations. Accordingly, the present invention
relates to a triple combination of fungicides essentially. One of the uses of

this combination is against Asian soybean rust.

6
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5. Prior to the present invention, the combination of systemic fungicides had
been used, albeit without the multisite contact fungicides. The efficacy of
these systemic fungicides had been reducing gradually with usage over the
years. This gradual decline in the fungicidat efficacy of the systemic

fungicides needed to be reversed.

Need for the invention.

6. Experiments were conducted at the Foundalion MT, Rondonopolis, the
University of Rio Verde and institutions participating in the Cooperative
Testing of Fungicides (beginning in 2003/04). These cxperiments proved the
reduction of control effectiveness by comparing the performance of
conazole fungicides in 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

conazole fungicides was 52.0% with a reduction in efficacy of 42% (Table

1).
Yable 1. Reduced soybean rust control by conazole fungicides.
S No. | Fungicide | Crbps year o Percentage
2005/06 | 2012/13 reduction
1 | Cyproconazole  |960 520 - [459
o . Y !
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2 Epoxlconazole . 800 40.0 1 400

[3 Tebuconazole 95.0 64.0 328

4 | Mean 90.3 52.0 420

7. Figure 1 below depicts the reduced soybean rust control efficiency using

tebuconazole observed over eleven seasons:

Wy 59 w1
& oy

y=-7,2x+ 94818
R = ON3GY

-4
&

Contrule (%)
E

fﬁﬁf FIIXE)

Tempo (sufras)

figura 1

8. This example reinforces the gradual reduction of tebuconazole control over
the use of crops covering the period beginning in 2004/05 to 2013/14. it
was found 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 = 94018 - 7.2x

9. Likewise, experiment was conducted to measure the reduced control of
soybean rust by cyproconazole + azoxystrobin mixture over six seasons.
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¥ = -6,5429x + 90,067

2008/24409 20042010 201072011

s Ri=0,7T01 ;
e |
i ;
| = 604
. B 50 - ;
. g 40 -
L3 30
P 20
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e |

102012 2012/2013 20102004 |

Tempo (Anos) ;

10.This mixture had been in use since 2003/04, when it had an efficiency of

90%.

11.Using the cquation y = 90.067 + -6.5429, 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.Figure 3 depicls the reduced control of soybean rust by cyproconazole +

picoxystrobin mixture over six seasons.

i
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y = 9% + 100
R? = ,8829

Controle (%)

... Jempo (Anos)

13.Using the equation y = + 100.0 -9.0x, it was calculated that from 2008/09

the effectiveness of the mixture cyproconazole + picoxystrobin has been

reduced by

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

14.Figure 4 depicts the reduced control of soybean rust by epoxiconazole +

pyraclostrobin mixture over six seasons.

Contrule (%)
£

” y=-126x+99 |
75 Rt = 0,7888

Tempy (Anos)
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15.The mixture ‘"epoxiconazole + pyraclostrobin® has been used since
2007/08. With the equation y = + 99.0 -12,6x [where y = control (%) x =
the percentage of annual reduction of controll, it was calculated that from
the 2009/10 harvest the effectiveness of this mixture has been decreased

by 12.6% per year, reaching the last harvest 23%.

16 Figure 5 depicts lhe average reduction of soybean rust control by
cyproconazole + azoxystrobin, epoxiconazole + pyraclostrobin and

cyproconazole + picoxystrobin over six seasons.
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17.According to the equation y = -9.0x + 1000, from 2008/09 the average
effectiveness of mixtures "cyproconazole + azoxystrobin”, “cyproconazole +
picoxystrobin” and "epoxiconazole + 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

s

79

y=-13,8x+928 |
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47

aas

Controle (%)

: & > Ny N >
T VOGO A A
: & » » » »

_ Tempo (Anos) , L

D

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

10



19.t was observed that from the 2008/09 crop, there was reduction in the
control of Asian soybean rust using azoxystrobin and reached only 16% of

control in the 2013/14 season.

20.Using the equation y = + 92.8 -13.8x, it was determined that from 2009/10
the efficacy of this fungicide has been reduced by 138% per year and

ending by reaching the 2013 harvest, at only 16% of comtrol.

21.A study was conducted to determine the contribution of the addition of
mancozeb to the known mixtures of “strobilurin + triazoles." The experiments
were conducted in the field, in nine different localions where the
contribution of the addition of mancozeb to the percentage control observed

using mixtures of “strobilurin + triazoles” was observed

22.Two doses were tested (1.5 and 2.0 kg / ha) with various numbers of
mancozeb applications. The effect of mancozeb (1.5 kg / ha), incorporated

into commercial mixtures was also tested.

23.The experiments were conducted with soybean cultivar Monsoy 9144
RR. Mancozeb formulation was used 750 WDG (water dispersible granules),

commercially available, for application as mancozeb.

i
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24.Table 2 lists the percentage control of soybean rust by mixing mixtures 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 (AUDPC).

S No. | Mixture Mancozeb Difference in
Without | With percentage
controt

1 Cyproconazole 428 740 31.2
Azoxystrobin

2 Cyproconazole 740 794 5.4
Picoxystrobin

3 Tebuconazole 740 859 {119

Picoxystrobin

4 Mean 66.1 798 13.7

Severity in the control = 70%. CV = 460%.

257able 3 tlists the percentage control of soybean rust by mixtures ot

“strobilurin + triazoles” with or without added mancozeb, applied three times

at different growth stages and assessed the severity in leaflet.

S No.

Mixture

Mancozeb

57 of 728
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Without | With Difference in |
percentage

control

1 'Cﬁ)roconazo[e + Aic;xystrobin 686 89.8 21.2

2 'Eadxiconazole + (405 75.2 34.7

Pyraclostrobin

3 Tebuconazole 1 i’icoxyétrobin 64.4 790 146

 Mean 578 81.3 235

Seventy in the control = 37.3%. CV = 6.45%.

26.From the experimental results, it was thus found that the addition of the
mancozeb fungicide not only enhances the percentage control, but also

reverts the observed control to the original level of 80%.

27 Thus, in view of the above results, it was surprisingly found that the addition
of mancozeb increased control of rust with the conventional fungicide

mixture of mixtures of "strobilurin + triazoles."
Dire need in the art:
28.The combination of a demethylation inhibitor and a quinone oulside inhibitor

has been known to be used for the control of Asian soybean rust,

particularly in Brazil. llowever, it has been seen recently that the efﬁcacy@?
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of these combinations has decayed by more than 50%, feading to the
cancellation of these registrations by the Brazilian regulatory authority MAPA.
In fact, as many as 63 existing registrations for the control of Asian soybean
rust  were  cancelled due to this decay in efficacy.
http:/ /www.agricultura.gov.br/noticias/mapa-suspende-registro-de 63-
fungicidas para-controle-da-ferrugem-da-soja.

29.This regulatory aclion was published on the Brazilian Official Gazette (Act
71), in December, 2016. The action was based on the evaluation of
effectiveness reports and technical opinions by the Technical Commission
of Agronomic Revaluation of Pesticides Formulated Products for the Control

of Phakopsora pachyrhizi on Soy Culture.

30.Some of the products for which the existing registrations were cancelled
were known combinations of demethylation inhibitors and quinone outside
inhibitors. Some of these products for which the recommendations were

suspended are:

' Commercial Name —I Composifion [ MAPA

! | Register
No.

ARCADIA - krésT)xiln-meIh_yt ¢ tebuconazole 8511
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31.Accordingly, there has been a dire need in the state of the art for fungicides

that can efficaciously controi the Asian soybean rust in Brazil and other

countries.
Sclution presented by the invention:

32 Accordingly, a study was commissioned by EMBRAPA ie. 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 annexcd 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 (o the
combination of demethylation inhibitor + quinone oulside inhibitor reverses
the decay of efficacy of the known combination of demethylation inhibitor
*+ quinone outside inhibitor and reverts it to the original known efficacy or

better efficacy.

34.The relevant data from the table 5 appearing in this table is reproduced

hereinbelow:

O
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' Treatment

_Dosage (g ai. /Ha) | Severity (%)

e — - PEVE I

Triﬂo_ws;t.llobi-n + Prothioconazole | 60 + 30 244

Trifloxystrobin  +  Prothioconazole | 60 + 30 + 2250 | 189

and mancozeb

L - o ==t L
Trifloxystrobin  + Prothioconazole | 60 + 30 + 1500 | 21.2

and mancozeb

Trifloxystrobin “+ Prothioconazole [ 60 + 30 + 2240 211 o

and mancozeb

?%xystrobin + Prothioconazale | 60 + 30 + 2240 | 201

tand mancozeb

. _

35.Accordingly, it was observed that in the presence of mancozeb, there was
15 to 30% reduction in the percentage incidence of soybean rust. This
confirms the inventive step inherent in the invention claimed in the present

invention.

36.mportantly, these combinalions comprising mancozeb in addition to a
demethylation inhibitor and a quinone outside inhibitor were approved by
EMBRAPA for the control of soybean rust. This combipation was found to
succeed where 63 other existing_products failed to successfully controf

Asian_soybean rust. @7
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The combinations_are synergistic:

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 for the
references that reverse-cite the Coloy reference ( S R Colby, “Calculating
Synergistic and Antagonistic Responses of Herbicide Combinations”, Weeds
15 (1967), pp 20 - 22, annexed herelo as “Annexure A7) demonstrates that
about 699 later-published papers cite this article as a reference, providing
evidence that Colby method is a standard method for demonstrating synergy
in the field of agrochemicals. Please see the Google Search printout that

accompanies Annexure A.

38.n 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 sum of the observed
response for each component when applied alone. An unexpected

enhancement 1n efficacy of the combination is then determined by@
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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 alone. Il 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 be synergistic or unexpectedly

effective.

39.Thus, when the combination of the present invention was analysed using
this method, it demonstrated an observed - expected value of greater than
zero  which i1s indicative of an unexpected efficacy. The basis of
demonstration of unexpected efficacy by comparison with the Colby formula
is that fungicide (A) tested alone would kill a proportion of the larget fungi
and leave the remaining portion (@ %) as survivors. Similarly, lungicide B
tested alone will leave (b %) as survivors. When combined, A1B will, acl
ndependently on the target fungi (f unexpected activity is absent);
component A leaving a% survivors, which survivors will be controlied by
component B; which has an overall effect of a%*b%*100. Subsequently,
the percent control is greater than that predicled 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 is acknowledged. The degree to which the difference is greater than

D
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zero is not itself critical as tong as it is greater than zero, however greater
the difference, more significant is the enhancement or the unexpectedness

in fungicidal control.

The following formula was used to calculate the expected activity of
mixtures containing active ingredients, A and B:
AB

Expected (£} 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 ingredicnt B at the same concentration

as used in the mixture.

The following formula is used to calculate the expected activity of

mixtures containing three active ingredients, A, B and C:

(AB+AC+BC) ABC
Expected (B) A+ B+ C +
100 10,000

Where

D
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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 contact fungicide. it was surprisingly found that
mancozeb surprisingly enhances the efficacy in a triplc combination (present
invention) more than it does in a double combination (prior art). In the
double combinations (prior art), mancozeb was found to actually antagonize
the efficacy of either a strobilurin or a conazole fungicide, 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 Lhe present
invention. Thus, the contribution of mancozeb in the presently claimed triple
combinations was much greater than its contribution in the dual

combinations of the prior art.

41.7he photographic evidence, taken from the actual ficlds where such trials

were conducted, also convincingly prove the advantage of the present

il

invention.
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42 Trials were conducted to evalvate the efficacy for control of Phakopsora
pachyrhizi for ready mix products with strobilurin and triazole fungicides
sprayed individually or in association with fipronit (which is an insecticide)
and/or mancozeb for checking the effect of an additional insecticide fipronil
in the mixture. The product formulations used in the trials were Priori Xtra,
Sphere Max, Fox, Nativo, Bardo, Unizeb Gold. The evaluations were

performed for the target fungus Phakopsora pachyrhizi in soybean crop.

The exact combination as_claimed is critical

43.The first set of experiments were conducted at field station at ltuverava,
Sao Paule in Brazil. The soybean cultivar SYN 1366 C IPRO was sown on
December 4. The plots of size 3 X 6 m were spaced 0.50 m apart. The
soybean crop was seeded at 20 seeds/m, and fertlizer 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 three
days of application wind speed (2.1, 48 and 32 m/h), humidily (24, 6/
and 86%), soil condition (wet, wet and wet), and stage of development of
soybean (Stage of development of soybean plantas (BBCH standard); (62,

76, and 79} was noled. The spray nozzle was XR 80 015 using a spray @]
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volume of 150 L/ha was used. Severity assessments were made as per the

schedute mentioned in the results table and Tukey's test was performed to

59% in all of the evaluations. The following product matrix was used for the

Z

experiments:
P_I{ODUCTS r(oﬁcentration FormulationRATES (Kg*fnctive ingredient
L /ha) (g of ai/ha)
T Check e =
Bardo 800 WG 01 [Fipronil (80)
Aureo 720 EC 0,25%Methyl -‘:SI;
(270)
Unizeb| 750 WG | L5 IMancozeb (1125)
Gold
" Sphere 375 & SC 0.2 |rrifloxystrobin
Max 160 (75} &
rCiproconazole
(32)
Priori 200 &T SC 0,3 Azo-;isfraar:ﬂ(‘&s
Xtra 80 8 Ciproconazol
(24)
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Nativo 100 & SC 0,5 [Trifloxistrobin
200 (50} &
ftebuconazol
100}
Fox 150 & SC 0,4 [Trifloxistrobin
175 (60) &
Prothioconazole
(70)

44 The results and observations were evalualed in the following manner. Firstly,

the percentage severity of Fhakopsora pachyrfizi was noted in each
evaluation. From the percentage severity, the percentage actual observed
control of Phakopsora pachyrfizi was calculated in each evaluation. The
predicted control was calculated using the Colby's formula in cach

evaluation. The abbreviations DAA/B/C denole the number of days after

sprays A/B/C on which the respective observation was taken.

S | Products
No
68 of 728

| Rate

| (kg-

Timin Seve_rlt
g y (%) 7

DAC

Contro
L (5 7

DAC

Colby |

predicle
d

controi

| Inference
I

©
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L/ha
)
1 | Check ) s 85a (00 s -
2 | Fipronil 800 [ABC (55a |359 - -
0
3 | Mancozeb 1125 |ABC |22 b |747 - -
4 |Mancozeb  +|1125 |ABC (13 bcd 852 83.8 Synergistic
Fipronil + 80
5 | Trifloxystrobin |75 + | ABC | 0.5 cde | 937 -
+ 32 +
Cyproconazole {1125
+ Mancozeb
6 | Azoxystrobin + |60 +|ABC |[15bc |89 |- -
Cyproconazole | 24 +
+ Mancozeb 1125
7 | Trifloxystrobin | 60 + | ABC |08 911 s
+ 120 bcde
Tebuconazole |+
+ Mancozeb 1125
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8 | Trifloxystrobin [60 +|[ABC |81 e |985 ) -
+ 70 +
Prothioconazol | 1125

e + Mancozeb

9 | Trifloxystrobin |75 4+ [ABC | 1.0 88.7 95.9 Antagonisti
i 32 + bcde C
Cyproconazole | 1125

+ Mancozeb + |+ 80

Fipronil
10 | Azoxystrobin + |60 +|[ABC |10 880 89.0 Antagonisti
Cyproconazole | 24 + bcde C

+ Mancozeb 4 | 1125

Fipronil + 80
11 | Trifloxystrobin |60 + [ ABC |06 cde | 935 943 Anlagonisti
1 120 C

Tebuconazole |+

} Mancozeb +| 1125

Fipronil + 80
12 { Trifloxystrobin |60 +|ABC |0.2 de |97.3 99.0 Anlagonisti
¢ 70 + C

0

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



 Prothioconazol | 1125
e + Mancozeb | + 80 |

+ Fipronil

Cv | 2441t

t = Transformed data for "arcsen{{x/100)*1/2)";; means followed by the

same letter or symbol did not differ by Tukey's test 5% of probability

45 Fipronil sprayed together with Trifloxistrobin + Ciproconazol + Mancozeb
promoted anlagonism in the control of Phakopsora pachyrhizi in the
evaluations of 7 days after third spray (7 DAC) evaluation. Fipronil sprayed
together with Azoxistrobin + Ciproconazol + Mancozeb promoted antagonism
in the control of Phakopsora pachyrhizi in the evaluations of 7 DAC. Fipronil
sprayed together with Trifloxistrobin + Tebuconazol + Mancozeb promoted
antagonism in the control of Phakopsora pachyrhizi in the evaluation of /
DAC. Thus, antagonism was observed in most of the evaluations in mixtures

of strobilurin fungicide + conazole fungicide + Mancozeb with Fipronil.

46 Surprisingly, in the mixture of Mancozeb with Fipronil, synergism was

2
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47.)t was concluded from a comparison of the efficacy data in rows 2, 3 and
4 that the addition of the insecticide fipronil, an additional agrochemical,
to the fungicide mancozeb was found to synergize the activity of the
fungicide mancozeb. It would be reasonabte for a person skilled in the art
to expect that the addition of fipronil to other fungicide(s} would also

synergize the fungicidal efficacy of those fungicide(s).

48 However, the data presented in rows 9 - 12 provide evidence to the
contrary. The addition of fipronil was found to antagonize the fungicidal
efficacy of a triple combination of fungicides consisting of mancozeb, a
strobilurin fungicide and a conazole fungicide. This was contrary to the
reasonable expeciation of a person skilled in the art and surprising. It was

even more_surprising considering that the Colby’s formula, in_general, tends

o underestimate  antagonisin by its very nature

(https:/ /www.ochinlm.aibh.gov/pmc/articles /PMC5541435/).

49 Thus, it was concluded that the triple combination as claimed herein was
criticat in the presence of the Lhree fungicides exactly as recited herein.
Any additional insecticide or an additional agrochemical overrides the

synergy accruing due to mancozeb, or due to the contact fungicide, and

causes actual antagonisim.

&
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Role of multisite contact fungicides in_dual combinations versus its role in

triple_combinations of the present 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 Phakopsora pachyrhizi. This trial F18BRSOYBO2SEFO601 was
carried out using the products Priori, Unizeb Gold and Alto 100 on soybean
crop for the main target Phakopsora pachyrfuzi at ltuverava - SP. The target
crop cultivar SYN 1366 C IPRO was sown on 4th December at a row spacing
of 0.50 m with seed populated at 20 seeds/m. The trial was carried out in
4 replications in plot sizes of 3 X 6 m. Fertilizer with the formulation

02.20.10 {02% of Nitrogen; 20% of Phosphorus; 10% of Potassium) 520

ke/ha was spread in the sowing

Spray - A B C

Spray date 11 January 31 January 18 February
Interval during sprays (days) | 20 DAA 18 DAA
Start time 12:45 09:18 10:29

Finish time 12:56 09:.24 10:35

Air temperature(°C) 29,3 27,4 25,3
Humidity(%) 52 67 80

th
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Wind speed (km/h) 8.5 6,4 6,4
Soil condition Wet Wet Wet
Stage of development of]

R1 (62) R5.1 (76) R5.4 (79)
soybean (BBCH)
Nozzle XR 80 015 XR 80 015 XR 80 015
Spray volume (L/ha) 150 1150 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 R1 stage (Beginning of flowering). Severity assessments were made 21
days after spray A, 18 days after spray B, 7 and 14 days after the spray

(. The Tukey's test to 5% was performed in all of the evaluations.

52.The results of severity of Phakopsora pachyrhizi in each evaluation was

observed and tabulated:
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+ Mancozeb

. Ciproconaz. |-

53.The seventy data was then used to calculate the percentage control of

Phakopsora pachyrhizi in each evaluation.
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Azoxistrobin

Mancozeb

54.The percentage control of each treatment was then compared with the

Colby predicted control of Phakopsora pachyrfizi in each evaluation.

Y
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“eiprocon]

Azoxistro

bin +H30 + _
5 96.0 1976
Mancoze (1350

83.7 [784 1889 823 18/.1

b

Observed control

- Expected control| - 1.6 - 105 48 |

due to mancozeb

Ciprocon

|azol +60 +
09.2 922 980 8921947 (870 [96.2 888 [958

Mancoze (1350

b

e

Observed contro

Expected contro

due to mancozeb

I V| (——

55t was thus concluded that the addition of mancozeb, to either a strobilurin
fungicide or a conazole fungicide, did not significantly enhance the efficacy
of the strobilurin or the conazole fungicide in isolation, but in fact was
almost 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 mildly additive {about +1.1%) to being critically
antagonistic (varying from about -1.5 to about -10.0). Even for the slightly
additive scenario, the improvement i efficacy measured by the Colby’s
formula was about +1.1 when mancozeb was added to either the strobilurin
fungicide (best Colby reading +1.1} or to the conazole fungicide (best Colby

reading of -8.8 i.e. antagonistic) in isolation.

56.4n contrast, the benefits of adding mancozeb to a double combination of
systemic fungicides ie. 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 correlation between these components of the combinations
of the present invention was established by the application of the Colby’s

formula.

58.Thus, 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 an unexpected efficacy. The basis of
demonstration of unexpected efficacy by comparison with the Colby formula
is that fungicide (A) tested alone would kill a proportion of the target fungi
and leave the remaining portion (a %) as survivors. Similarly, fungicide B

tested alone will lcave (b %) as survivors. When combined, A+B will, act @7
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independently on the target fungi (if unexpected activity is absent);
component A leaving a% survivors, which survivors will be controlled by
component B; which has an overall effect of a%*b%*100. Subsequently, if
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 is acknowledged.

59.In the same set of field canditions described above, trials were conducted
to evaluate the importance of mancozeb in association with other fungicides
in Phakopsora pachyrhizi control in soybean using mancozeb in association
with the prior art products composed by mixtures of strobilurins and
triazoles. The soybean varielty was NA 7238 IPRO sown at a population
density of 25 seeds/m in plot size of 3 x 6 m. The trials were carried out
in 4 replications, and were treated with 5 sprays (ABCDE), V3, V5, R1, R5.1
and R5.4. The severity assessment was 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 control was then applied to the Colby analysis reported herein.

60.The severity assessment was 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

o
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control was then applied to the Colby analysis reported in the table
appearing hereinbelow:
S | Parameter Mancozeb | Strobilurin | Strobilurin  (S) | Difference
No (1125 + +  Conazole | in Colby
g/ha) Conazole |(C) + | rcading
Mancozeb between
actual and
expecled
controt
originating
due to
addition of
mancozeb
(Conclusion
)
Assessment type | Fungicidal | Percentag | Percentage
(Dosage in g/ha) | Percentag |e control | control
e control

Phakopsora pachyrhizi

80 of 728

%
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%

1 [s= Pyraclostrobin | 74.7 8.1 Calc Actua { +4.5;
(66.5) (Colby | Synergistic
)
C= Epoxiconazole 76.7 | 81.2
(25)
2 | S= Trifloxystrobin | 0.0 669 Calc | Actua | +237;
(60) l Synergistic
669 |90.2
Cs
Prothioconazole
{(70)
3 |S= Picoxystrobin | 0.0 636 Calc Actua | +20.9;
(60) L Synergistic
636 |845
C=Cyproconazole
(24)
4 |s= Pyraclostrobin | 0.0 579 Calc | Actua | +35;
66.5) l Synergistic
579 1929
C= Epoxiconazole
(25)
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S=  Azoxystrobin | 0.0 60.3 Calc 1 Actua | +25.5;

(60) ! Synergistic
60.3 |868

C=

Cyproconazole

(24)

S=Pyraclostrobin | 0.0 70.4 Calc | Actua | +21.3;

(99.9) l Synergistic
(704|917 |

SDH! =

Fluxapyroxad

(50.1)

Corynespora cassircola

S=Trifloxystrobin | 0.0 54.6 Calc |Acwa [+246;

(60) | Synergistic
546 | 792

C=Prothioconazol

e (70)

S=Picoxystrobin | 0.0 10.3 Calc | Actua |+ 56.8;

(60} ( Synergistic
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—

{=Cyproconazole

| (24)

9

10

11

S=Pyraclostrobin | 0.0

(66.5)

ﬁ C= Epoxiconazole

(25)

S= /\zoxystrobm 0.0

(60)

C=Cyproconazole

(24)

[S=Pyraciostrobin | 0.0
(99.9) i'

5.
C=Fluxapyroxad

(50.1)

Phé/\:opgc;ré pachyrhizi o

I o __}_l_ﬂ?i 671 |
[
|
10.1 Calc Actua | +42.9;
L Synergistic
10.1 53.0
9.8 Calc | Actua | +4809; '
| Synergistic
98 |587 |
1742 |calc Actua | +14.5; |
| Synergistic
74.2 88.7
ol 3 ._.h_l |
85.7 [cale  [Actua [+19;
{ Synergistic

12 |S = Azoxystrobin TEO )
(60} l
83 of 728

I
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N 865 |884
SDHI | ;
Benzovindiflupyr |
(30
(13 (S = AzoxystFobinl 6.0 412 Calc |Actua | +22.2;
(60) ' [ Synergistic
‘ 447 | 669
C -
Cyproconazole j
(24)
14 I S=Picoxystrobin | 6.0 1547 Calc | Actua | +19.7;
(60) { Synergistic
57.4 771
C=Cyproconazole
(24) 5
15 | S=Pyraclostrobin 6.0 66.6 Calc | Actua | +12.8;
(116.55) | l Synergistic
686 |814
SDHI = |
[uxapyroxad |
(58.45) | J
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Cofletotrichum fruncatum

2

16 |S = Azoxystrobin [ 128 87.2 Calc | Actua | +4.0,
(60) ! Synergistic
B88 928
SOHI =
Benzovindiflupyr
(30
17 S = Azoxystrobin | 12.8 385 Calc | Actua | +31.5;
(60) l Synergistic
6.4 78.2
C -
Cyproconazole
(24
14 | S=Picoxystrobin 12.8 51.3 Calc Actua | +31.5;
{(60) | Synergistic
575 1890
C=Cyproconazole
24)
15 [ S=Pyraclostrobin | 12.8 B7.2 Calc Actua | + 6.1;
(116.55) { Synergistic
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888 (949
SDHI =
Fluxapyroxad

(58.45)

610t was thus concluded that the addition of mancozeb, to a sirobilurin
fungicide and a conazole fungicide combination was surprisingly greater
than what was expected from a knowledge of the improvement accruing Lo
the efficacy of either the strobilurin fungicide or the conazole fungicide in
isolation. It was consistently greater than 20% (i.e. double the improvement
in the isolated strobilurin or the conazole fungicide), mostly greater than
30% (ie. triple the improvement in the isolated strobilurin or the conazole
fungicide), and preferably greater than 50% or about 60% (ie. 5 or 6 times

the improvement in the isolated strobilurin 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 yicld data in each test result was converted to the

percentage of increase in yield seen due to the treatment over the untreated

crop to calculate the percentage yield gain parameter, rounded off to next

round number. This percentage yield gain was then subjected to the Colby

2
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[S Parameter .Mancozéb_ Strobiturin | Strobilurin (S))Corﬁcﬂjé-ib'hq
No. + Conazole | 4 Conazole | |
Q) i
Mancozeb
1 | Untreated 1668 -
check
2 |s= | 1376.4 7806 [20322 |-
Pyraclostrobin
C=
Epoxiconazote
Yield kg
soybean/ha
Percentage figs |67 Calc | Actual | Synergistic |
yield gain (%) |
over the 13135335
untreated crop
ity
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634t was thus found that the association of mancozeb with commercial
products based in mixtures of pyraclostrobin and epoxiconazole,
picoxystrobin and ciproconazole and azoxystrobin and ciproconazole
increased the control of Phakopsora pachyrhizi. More importantly, the
combinations per se were found to be synergistic evidenced mathematically

by the Colby’s formula.

64.Equally surprisingly, it was further found that the association of mancozeb
with pyraclostrobin and epoxiconazole, picoxystrobin and ciproconazole and

azoxystrobin and ciproconazole increased the yield synergistically.

£5.Surprisingly, in the absence of mancozeb, the fungicidal efficacy of these
very fungicides was known to gradually decay with their usage over the

years:

Technical Circulars EMBRAPA

Summary of Technical Circulars from the 2008/09 to 2017/18 harvest

Specific site fungicides decreased their conteol efficicncy due to extensive use and strong selection pressure

Efficacy of fungicides in the contral of Agian Soybean fust

%M ALy A1 ot + LEn POVt DO & 1]
Piotbioomaiobs - rrh-rsh-ww (LT

M Cpratomaiide + aazevtiobli O mq

L2001k 0020 01334 200418 2005006 - RONE/AT T R0 h
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66.The incorporation of mancozeb to these combinations reversed Lhis trend.

67.Enclosed herewith the photographic evidence for the benefits accruing from
the incorporation of mancozeb to the dual combination of strobilurin and
conazole fungicides. The practical benefit is self-evident, and may be read

as being part and parcel of this statement.

The presence of a multisite contact fungicide such as mancozeb reduced the

sensitivity reduction factor (SRF) of the systemic fungicides:

68.The objective of these experimental trials was to estimate the LDy, (Lethal
Dose for 50% of population) and 1Dgs (Lethal Dose for 95% of population)
for azoxystrobin, trifloxystrobin, 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 (SRF) for each fungicide in each place in

each scason.

63.The results of the sensitivity reduction factor analysis were then correlated
to the data on the adoption of the use of a multisite fungicide {mancozeb)
in soybean. This data on 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 mancozeb in the trial program as a causation for the reduclion

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 ie. Rio Grande do Sul State was indeed the causation to
reduce the SRF of azoxystrobin, trifloxystrobin, ciproconazol and tebuconazol
combinations less than in another state i.e. Parana State. These results are

described hereinafter.

70.The occurrence of resistance or less sensitivity of the rust agent (P.
pachyrhizi} to fungicides makes it difficult to control the discase in the
field, often requiring a greater number of applications or increase in the
dosage of the fungicides or a shorter interval between them. Loss of
sensitivity of the fungus to three different chemical groups of fungicides,
namely demethylation inhibitors (DMIs) known as triazoles, outside quinone
inhibitors  (Qols) known as strobilurins, and most recently succinate
dehydrogenase (SDHI) inhibitors, known as carhoxamides have been stludied

and documented in Brazil (SCHMTZ et al, 2014; KLOSOWSKI et al, 2016,

FRAC, 2017).

71.To date, fungicide applicalions 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, while curative applications of triazoles and

strobilurins may be compromised, reducing their residual power, as shown g
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by various field studies under our conditions (Godoy et al. (2007), Furlan
(2011), and Julian (2006). In high potential inoculum conditions, 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, providing a greater safety of use of the products

within management.

73.Samples of soybean teaves with symptoms of Asian rust coming from
Brazilian states of Rio Grande do Sul and Parand were collected in the
field to obtain uredospores. These were removed at the Phytopathology
LLaboratory of the Biological Institute for the fungicide sensitivity tests. A
portion of the samples, about 20% of the samples in the form of
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

O
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samples in the same week, making it impossible to process the same day.

The others are processed soon after the spores are captured.

74 Following the methodology described by the FRAC (Fraction Resistance
Committee for Fungicides) in Brazil (FRAC, 2008), unifoliated leaflets
obtained from soybean plants of the cuitivar 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 syrups, which are pre-prepared in serial dilutions from a more
concentrated stock solulion (521 ppm ai) to oblain the different
concentrations of active ingredients according to the scale logarithm of 0;
0.125; 0.25; 0.5; 1.0; 2.0; 40; 80; 16; 32; 64; 128 and 256 ppm ia. The
use of the highest concentration {256 ppm i.a) is required by the inclusion
of the multisite in the Llests, which generally has a lethal concentration
higher than systemic fungicides. These concentrations were established to
obtain 0 to 100% control of the disease, thus ensuring a good estimate

of lethal concentrations (LC50 and CL95).

75.The fungicides tested were Ciproconazole (UPL 215 10% - 100gr ia / L
p.c.), Tebuconazole (Tebufort 20% - 200g ia / L p.c); Trifloxystrobin (Flnt
50% - 500g ia / L pc); Azoxystrobin (Amistar 50% - 500g ia / L p.c):

Mancozeb (Unizeb Gold 75% - 750g ai / L pc) and Azoxystrobin +

Y
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Benzovindifiupir (Efatus WG 30% and 15% - 450g ai / L pc. After the
chemical treatment by immersion, the leaflets were placed on two absorbent
papers saturated with distilled water with the abaxial face facing upwards,
inside Petri dishes of 15 cm in diameter. The inoculum of uredospores was
then prepared, previously collected in glass bottles, beating the leaves and
/ or with the aid of a brush so that they would come off. A uredospore
suspension was prepared {concentration of about 105 spores / mL of
distilled water containing Tween 20) which was sprayed onto the leaflets
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 devetopment 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 Godoy et al. (2006). From these results the percentage
of inhibition was estimated and the LC50 and CL95 estimated from the
populations sampled. Four folioles were used per replicate, arranged in each
plate, totaling 3 plates (repetition) per treatment, which were distributed
completely randomized within the BOD. The estimates of lethal
concentrations CL50 and ClL95 for the fungicidal activity tests were

performed using the logarithmic percentage regression - PROBIT (Table 1)

of the relation between the values of inhibition percentage and the

&
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concentrations tested. Calculations and graphs were compiled using the
Excel program for Windows® version 2007. The data obtained from the
samples showing rotting of the leaves during transportation or {eaves without

the presence of pustules or uredospores were not used.

76.1he percent inhibition values at different concentrations of each fungicide
{Table 2) and LC50 or LCY5 varied for each isolate and fungicide, according
to the region and time of sampling (Figures 3 to 53, Table 3) was observed
and tabulated. The correlations (R2) between the percent inhibition and the
fungicide concentration were good, for all results. There are variations of
responses between samples, within each fungicide, showing the variability
of 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 LC50 and LCY9S in ppm ia, respectively were for UPL 215
(Ciprocozole): 1.61 and 27.48; Tebufort (Tebuconazole): 1.80 and 32.47: Flint
(Trifloxystrobin): 0.63 and 10.21; Amistar {Azoxystrobin); 1.41 and 23.31:
Unizeb Gold {(Mancozeb): 1252 and 41.28; and for the 15 samples tested
for Elatus (Azoxystrobin 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. The values for Elatus were

considered high in this crop, since until 2015/16 was considered the most

0,
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effective product for the control of rust, indicating a change in the behavior

(sensitivity) of the populations of the fungus.

77.Tabie 1 below lists the mean concentrations {(ppm ai} of the fungicides UPL
215, Tebufort, Amistar, Flint, Unizeb Gold (for 50 samples) and Elatus (for
15 samples) required to inhibit 50% (LC50) and 95% (LC95) of the

symptoms of Asian rust:

Fungicidas : Ll o iai [Iﬂ;;ppm e |

[UPL 215 (50 amostras) 11,61 127,48

TEBUFORT (50 amostras} 1,80 ‘-32,47

AMISTAR (50 amostras) 1,53 - 2613 :
CFLINT (50 amostras) 0,63 - ; 10,21 T

| UNIZEB GOLD (50 amostras) | 252 141,28

ELATUS (15 amostras) ': 1,38 1 25;' 16 IR
UPL 215 (15 arﬁ'p:st’.[‘r.as) NEECE ' 23, 60 '

TEBUFORT (15 amostras) 156, 3099

AMISTAR (15 amostras) ~ [137. - [2572
!FUNT'(15"amostras) 061 = ‘1‘0_,44

UNIZEB GCLD (15 __amostras) 20? # : =

&
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/8.Conclusions - There was a slight tendency to increase lethal concentrations

of mancozeb when comparing the two crops (15/16 and 16/17). The values

of lethal concentrations for Elatus were considered high in this crop, since

until 2015/16 was considered the most effective rust control, indicating an

evident change in their behavior due to the lower sensitivity of the fungus

poputations.

79.The lungicides tested were protioconazole (UPL 2010 25% -
p.c.), cyproconazole (UPL 215 10% -
(Tebufort 20% - 200g ia / L p.c); trifloxystrobin (Flint 50% -

p.c.); azoxystrobin (Amistar 50%

75%

30% and 15%

450g ia / | pcl).

250gria / L

100gr ia / L p.c), tebuconazole

500g ia / L
500g i.a / L p.c); mancozeb (Unisex Gold

750g i.a / L p.c) and azoxystrobin + benzovindiflupir (Elatus WG

80.Table 2 below lists the mean concentrations (ppm ai) of the UPL 2010,

UPL 215, Tebufort, Amistar, Fint, Unizeb Gold and Elatus fungicides required

to inhibit 50% (LC50) and 95% (LC95) of Asian rust symptoms for 69

samples, 2017/18 harvest, compared to the 2016/17 harvest.

Fungicidas
UPL 2010

UPL 215

96 of 728

CL'S.D icpm ral)

| 2016/2017

161

2017/2018

CLss tppm 1)

2016/2017 | 2017/2018 |
- 4713
27,48 47,88

%
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TEBUFORT 1,80 2,28 32,47 46,19
AMISTAR 1,53 1,83 26,13 40,35
FUNT 0,63 1,47 10,21 32,82
UNIZEB GOLD 2,52 3,27 41,28 59,29
ELATUS 1,38 | 144 25,16 31,49

811t could be concluded that for mancozeb, the calculated resistance factor
(FR) was the lowest value compared to other products, which may suggest,
due to its non-specific mode of action, that the active exerted a lower or

no selection pressure.

82.The activity data from these trials was then correlated with the data of
adoptions of use of multisite in soybean given by Spark {Market research).
This data was thus correlated with the SRF for each active ingredient. It
was found that in the Parana State the increase of SRF was greater for all
the active ingredients in comparison with Rio Grande do Sul State. The
Spark Market Research data revealed that the adoption of multisites
fungicides for growers in Parana State was less than the growers in Rio
Grande do Sul State. The only plausible conclusion that could be drawn
from such comparison was the lower adoption of multisites fungicides for
growers in Parana State than the growers in Rio Grande do Sul State meant
that, and directly responsible for, the increase of SRF being greater in the

Parana State for all the active ingredients in comparison with Rio Grande

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

52



53

do Sul State. it was thus conctuded that the greater adoption of multisite
fungicides {mancozeb) in Rio Grande do Sul State in the last two seasons
help to keep the SRF of azoxystrobin, trifloxystrobin, ciproconazol and

tebuconazol less than in Parand State ie. led to a better efficacy. These

results are in the table below.

2016/17 8|
33 6,85 5,44 183,88 |152,38
Parana |samples)

State 2017/18 (24
39 9,79 16,79 272,58 247,83

samples)

A B R B | |

&
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Increase in the SRF in

Parana State(%)

a trial described above. Baseline values for Trifloxystrobin were taken from
Blum 2009. Baseline values for Azoxystrobin, Tebuconazol and Ciproconazol
were taken from Schmitz et al, 2013. This shift indicates the amount of

sensiiivity reduction for a fungicide.

83.From these trials, the following inferences were scientifically drawn:

(a) For azoxystrobin, the sensitivity reduction factor (SRF) increased by
42.82% in Parana State (due to lower mancozeb adoption), whereas
in Rio Grande do Sul State, where the mancozeb adoption was
significantly higher, the SRF increase was significantly lower at 16.50%.
This lower increase in the SRF in Rio Grande do Sul State was

attributed to the greater adoption in the state.
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(b) For trifloxystrobin, the sensitivity reduction factor (SRF) increased by
208.77% in Parana State (due to lower 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 State
was attributed to the greater adoption in the state.

(c) For tebuconazole, 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
significantly higher, the SRF increase was significantly lower at 4.51%.
This lower increase in the SRF in Rio Grande do Sul State was
altributed to the greater adoption in the state.

(d) For ciproconazole, the sensitivity reduction factor {(SRF) increased by
62.65% in Parana State (due to lower mancozeb adoption), whereas
in Rio Grande do Sul State, where the mancozeb adoptlion was
significantly higher, the SRF mcrease was significantly lower at 12.37%.
This lower increase in the SRF in Rio Grande do Sul State was
attributed to the greater adoption in the state.

(e) For the total fungicide control vaiues, the sensitivity reduction factor
(SRF) increased by 90.62% in Parana State (due to lower mancozeb
adoption), whereas in Rio Grande do Sul State, where the mancozeb
adoption was significantly higher, the SRF increase was significantly

7
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lower at 39.91%. This lower increase in the SRF in Rio Grande do

Sul State was attributed to the greater adoption in the state.

84.[t was thus concluded that a lower multisite fungicide i.e. mancozeb adoption
léd to a greater resistance to the fungicides, in trn leading to lower
fungicidal efficacy in Parana State. In contrast, a greater mancozeb 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, il was scientifically possible to correlate the sensitivity reduction factor
to the adoption of mancozeb used in the treatment used to control the
fungal infection, which is a new scientific finding. This 15 a new scientific

finding.

The presence of a muliisite contact fungicide surprisingly reduces the

phytotoxicity due_to the resulting triple combination:

85.t has been well known and established that the fungicidal efficacy of the
systemic fungicide combinations ie. especially of combinations of
prothioconazole or tebuconazole with strobilurin fungicides has been on
a gradual downtrend since the onset of resistance to these fungicides. The
reducing fungicidal efficacy of the systemic fungicides requires the
application of a larger amount of these fungicides in order to achieve an
appreciable fungicidal efficacy. This use of a greater amount of these

fungicides leads Lo an unintended side-effect ie. greater phytotoxicity on
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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.
86.This problem needed a solution.

87.Now turning to the surprising effect of the present invention, experiments
were conducted to evaluate the effect of mancozeb in reduction of
phytotoxicily caused by a demethylation inhibitor fungicide namely
prothioconazole and tebuconazole, and a quinone outside inhibilor,
specifically trifloxystrobin. These experiments were conducted in Brazil in
tropical savannah climatic zone on Gfycine max crop variety NS 7209 IPRO.
The crop was directly seeded at a planting density of 380000 S/ha. lhese
trials were conducted in {our replications in randomized complete block
study design. Prothioconazole was used at 85 g/ha, and mancozeb at
1125 g/ha.  The active ingredients were foliar sprayed on the crop at

predetermined treatment intervals.

88.The 4 applications were carried out with a 14 day interval, starting at the
beginning of flowering (R1 / R2) cycle. The disease severity assessments
were carried out on at least 10 trifoliates leaves / plot before cach
application and at 7, 14 and 21 days after last application (D). One cf the

replication was also evaluated for plor defoliation. At the end of the

9
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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 phytotoxicity 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 plants. In
the end, the crop was hervested in each 5m?2 plots and the productivity (kg
/ ha) and thousand grain weight was determined. In each tested plot, a
fourth standard application for all treatments was made at 21 days after

the last application except for control.

90.The combination used was a formulation A comprising trifloxystrobin +
tebuconazole. A 0.40 kg-L/ha of this formulation delivered 60 g/ha
trifloxystrobin and 70 g/ha prothioconazole, while 0.60 kg L/ha delivered
75 g/ha trifloxystrobin and 105 g/ha prothioconazole, and while 0.80 kg
| /ha delivered 120 g/ha trifloxystrobin and 140 g/ha prothioconazole.

Mancozeb was added to the various treatments varying from 1.5 kg/ha till

3.5 kg/ha.
| S No. Product | Rates (kg- | Phytotoxicity %
Jtha) 15 DAT A |15DATB |7 DATC |
—— | S | | -
1 Untreated | - 00 f 00 ] 0.0
|2 A 10.40 19 24 |27 |
= S 1
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3 A +1040 + 15 (00 1.1 16
Mancozeb

4 A 040 + 20 |00 1.0 1.5
Mancozeb

5 A +1040 + 25 |00 0.0 12
Mancozeb

6 A 0.6 3.5 4.6 6.1

7 A +[0.60 + 15000 12 19
Mancozeb

8 A +]060 + 20 [00 1.1 19
Mancozeb

9 A + (1060 + 25 (00 1.5 2.5
mancozeb

10 A 0.8 1.8 6.6 8.4

15 A +(080+ 150(00 1:1 26
Mancozeb

12 A +}080 + 200{00 1.5 2.5
Mancozeb

13 A +(0.80 + 25000 1.1 2.5
Mancozeb
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14 A +1080 + 30000 09 2.2
Mancozeb

15 A +10.80 + 35000 1.1 19
Mancozeb

91.From the phytotoxicity results brought out above, 7 days after fourth spray
(7 DAT D), a significant reduction of phytotoxicity using Mancozeb in
association of a demethylation inhibitor fungicide namely Prothioconazole

in combination with Trifloxystrobin was noted.

92.it was also found that greater the initial phytotoxicity seen in the combination of
the systemic fungicides, greater was the benefit of adding mancozeb in the
predetermined recited quantity to the phytotoxic combination of systemic
fungicides. In other words, the use of mancozeb as a fungicidal safener was

greater in the combinations which were more phytoloxic.

93.The addition of mancozeb suprisingly reduced phytotoxicity in a

demethylation inhibitor fungicide, namely prothioconazole or tebuconazole,

in combination with a strobilurbin.

i
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S No. {Product |Rates | Phytotoxicity % AUDPC
{L- 15 15 7 DAT | 14 21
kg/ha) | DAT A |DAT B |C DAT C | DAT C

1 Untreated | - 3.7 219 1434 |653 845 11435

2 A 0.40 0.1 35 9.2 202 213 |2366

3 A +10.40 +(00 3.0 73 168 201 |2104
mancozeb | 1.50

4 A +[040 +[00 2.3 6.2 142 1196 1853
mancozeb | 2.00

5 A +1040 +{00 2.3 5.6 135 184 [1797
mancozeb | 2.50

6 A 0.60 0.0 26 5.5 185 [172 1944

7 A +1060 +[00 |23 |53 [147 [161 [1782
mancozeb | 1.5

8 A +1060 +1{00 2.3 5.1 124 | 128 |1629
mancozeb | 200

9 A 11060 +|00 2.2 4.6 111|128 1505
mancozeb | 2.50

10 |A 080 |60 |24 [a4 [181 [146 [1794

11 A +1080 +[00 2.4 4.4 126 | 145 |1577
mancozeb | 1.50
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12 |A +[080 +[00 [20 [51 [120 [124 [15L1 |
mancozeb | 2.00

113 [a +1080 «l00 22 |43 |103 [110 |[1449

| mancozeb | 2.50

14 |A 080 +(01 |27 |47 |107 [116 |1555
mancozeb | 3.00

5 |A +|080 +]|00 |27 162 |97 [109 [1548
mancozeb | 3.50 .

- U N W A |

94 Another trial was conducted to evaluate the effect of mancozeb in reduction
of phytotoxicity caused by prothioconazole @ 70 g/ha. The trial was
conducted in Rio Verde, Goias (Brazil) in tropical savannah climatic zone.
The target crop was Glycine max NS 7209 IPRO variety. The planting was
done by seeding on 14" December. The 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. The 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 the study

was conducted in 4 replications in randomized complete block study design.

95.Three sprays were carried out with a 14 day interval, starting at the

beginning of flowering (R1 / R2). Disease severity assessments were carried

&
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out on at least 10 trifoliates leaves / plot before each application and at

7. 14 and 21 days after last application (D). An evaluation of plot defoliation

was carried out in R6 replication. At the end of the assessments, the area

under the disease progress curve (AUPDC) was calculated for severily and

its respective controt by the Abboit formula. Each application was evaluated

7 days after last application for phytotoxicity using a scale of O to 10

scale, which 0 means absence of symptoms and 10 total death of plants.

Lastly, the harvest of b m? was performed and determined the productivity

(kg / ha) and thousand grain weight, correcting the humidity to 13%.

Phytotoxicity scale:

108 of 728

1to 10% of foliar area rffected )
.- 11 to 20% uf fofiar area  affected e
1o 30% of foliar area aﬁecled
o a) o aphof folanaren aftectbai
 41to 0% of foliar area affectod
©..51 10 60% of falidy- area affertad | SH
61 to 70% of foliar area affected
f_:.?l to. gb'}ﬁ;uf'fohara?{i:h‘ffectea L _. ! “*—S&_ i '.*'.:"::L,a._._
81 te 90% of foliar area affecied
91 to 100% of foliararea affected U5 LR e
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D% 2% 10% 15% 30% 55%

AGRWEGAL: Agra Carregal Pesquisa e Protegdo de Plantas, 2016
e l-l-.b--‘- A

Fonte: Agro Carregal, 2016

Resutts:
Table 3
S [Active [Timing |Phytotoxicity (%) Yield
No. | ingredient 15 DAT A| 15 DAT B | 7 DAT C | (bags/ha)
(g/ha)
[T [Untreated - 0.0 00 |00 1366 ¢
1 [ Trifloxystrobin | ABC | 0.0 loo 200 a8
60 |
Prothioconazole
70 + Mancozeb
750
3 Trtﬂoxys?l;o_l-a_ll‘l_ | ABC 100 {oo0 20 [542a
60 4
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Prothioconazole

70 + Mancozeb

1125

4 | Triftoxystrobin | ABC 0.0 0.0 1.0 56.1 a
60 +
Prothioconazole
70 + Mancozeb

1500

5 | Trifloxystrobin | ABC 0.0 0.0 1.0 56.1 a
60 +
Prothioconazole
70 + Mancozeb

1875

6 | Trifloxystrobin | ABC 00 0.0 10 56.8 a
60 +
Prothioconazole
70 + Mancozeb

2250

7 | Trifloxystrobin | ABC 0.0 30 5.0 457 b
60 +
Prothioconazole

70

N
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CV (%)

5.20

15 DAT A - 15 days after spray A ie. first spray. Means followed by the same

tetter or symbol did not differ by Scott-Knott test 5% of probability. 1 bag

60 kg of soybean.

Photographic evidence:

S | Active “

]

No | ingredient

(g/ha)

.T.irnir.l

i

4

1 . {Jntreated_

111 of 728
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1

| Prothioconazol

Trifloxystrobin I ABC

60 +

e 70 +

Mancozeb 750

Trifloxystrobin | aBC

60 +

Prothioconazol |
e 70 +
Mancozeh

1125

Trifloxystrobin | ABC |}

60 +

Prothioconazol

e 70 +

Mancozeb

1500
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5 IT;il‘i‘u:-;.q;;rstmI:nnin [aBc ]

' 60 v
Prothioconazol
e 70 +

Mancozeb

1875

6 .lri.ﬂ;x;ﬁ.tmhtn ABC

60 i _.

Prothioconazol

e 70 +|

Mancozeb

| 2250 |

7 | Trifloxystrobin | ABC
| 60 s
Prothicconazol

e /0
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96.About results of phytotoxicity, 7 days after third spray (7 DAT C), it was
possible to note a significant reduction of phytotoxicity using Mancozeb in

association of Prothioconazole & Tryfloxistrobin.

Role of mancozeb in reducing the phytotoxicity of a triple_combination versus

in_a_dual combination:

97.The present invention uses a multisite fungicide with a combination of
systemic fungicides. The combination of systemic fungicides comprises
tebuconazole or prothioconazole and a strobilurin fungicide. The contact
fungicide mancozeb is added to the systemic fungicide combination to
decrease the phytotoxicity of the combination. This finding was an
unexpected and hitherto unknown property of contact fungicides like

mancozeb.

98.The combination of these systemic fungicides causes more phytotoxicity
than the solo individual use of those fungicides. It has been surprisingly
found that the contribution of mancozeb in reducing the phytotoxicily of a
double combination of systemic fungicides is unexpectedly more than its
contribution in reducing the phytotoxicity of single systemic fungicide in

iIsolation.
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99.Experiments were performed at ltuverava, Brazit in tropical savannah climatic
zone. The target crop was NS 7209 IPRO variety of soybean. The crop was
planted al a planting rate of 19 seeds per metre at a depth of 5 ¢m, to
a total of 380000 seeds per hectare. 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 lhe carrier for diluting the applied fungicidal fermulations to 150

./ha.

100. 4 applications (ABCD} of lhe respective treatments were carried out with
a 14 day interval, starting at the beginning of flowering (R1 / 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 (D). In R6, an evaluation of plot defoliation was perdormed. At
the end ol the assessments, the area under the discase progress curve
(AUPDC) for severity and its respective control by the Abbott formula was
calculated. Phytotoxicity was evaluated before each application and 7 days
after last application, using a 0 to 100% scale, wherein 0 means absence
of symptoms and 100 total death of plants. The harvest of 5 m? was

performed and the productivity (kg / ha) and thousand grain weight was

determined. @7
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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 fungicidal efficacy of its own,
but is commonly used in tank-mix trials to modify the surface tension of
the fungicide/mixture to enable it to be applied to the test site
(http://dx.doLorg/10,1590/0100-5405/2020). In any event, its effect would
be uniform across all the experiments described herein, so that any benefits

ascribable to Aureo would have evened out across all the treatments.

102. In the data described below, the percentage reduction in phytotoxicity
due to mancozeb was calculated as foliows. The phytotoxicity for the
substance A wilh and without mancozeb was noted. For example, if the
phytotoxicity of substance A was “a” withoul mancozeb, and “b” with
mancozeb, the percentage reduction in phylotoxicity for the substance due

to mancozeb was calculated as [(a-b)/a*100].

103. It is well known that conazole fungicides are phytotoxic to the desired
crop, at the required dosage at which they exhibit fungicidal properties.
Moreover, the presence of a strobilurin fungicide seems Lo aggravate the

problem of phytotoxicity (doi:10.4141/CJPS2012-181, annexed hereto E1).

%
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This was also corroborated by the presently described experiments, wherein
it was found that the phytotoxicity due to a combination of conazole and
strobilurin  fungicides was much higher than the phytotoxicity due to a

conazole fungicide alone.

104. Regarding the phytotoxicity of conazole fungicides, E1 draws the following
conclusions, therehy establishing the phytotoxic side-effects ol conazole or

conazole + strobilurin fungicides.

Dichlorprop/2,4-D mixed with tebuconazole caused up to 15% injury

when applied early and up to 29% injury when appiied late.

Bromoxynil/MPCA mixed with tebuconazole injured wheat up to 15%
when applied early but only 10% when applied late. Other herbicide

and fungicide mixes caused a lower level of injury.

- The fungicide tebuconazole caused the highest level of injury when
mixed with herbicides and injury was particularly  high  with

dichlorprop,/ 2 4-0.

The fungicide tebuconazole appled in a tank-mix with a herbicide

caused the highest level of visible injury compared with the other

O

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

fungicide-herbicide combinations.



- Of the four fungicides, tebuconazole increased injury the most with

each of the three herbicides evaluated

- The addition of azoxystrobin/propiconazole to bromoxynil/MPCA was
infurious al 7 of 8 site years with injury level as high as 73% at

Elora mn 2009

- In both 2009 and 2010, all tank-mixes that include the fungicide
tebuconazole, consistently caused visible injury greater than either of

the single components of the rixture applied alone.

Tebuconazole caused injury when mixed with dichlorprop/2,4-0,

bromoxyil/MPCA and pyrasulfotole/bromoxynil.

In previous studies, tebuconazole was reported (o reduce the efficacy
of certain herbicides when applied as a tank-mix; however, no injury

or yield reductions were observed (Lancaster et al 2005a, b)

- In contrast, tebuconazole phytotoxicity has been reported in wheat
ard i other crops such as cocoa and rockmelon (Holderness 199¢;
Vawdrey 1994, Hunt et al 2008) This fungicide is known to be
inherently toxic (o plants at rates required for adequate fungicidal
action (Pedersen 2007- Hunt et al 2008). It is conceivable that the
phytotoxicity observed when herbicides were mixed with tebuconazole

was due to a reciprocal action. @z
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The fungicide or components of its commercial formulation may
increase uptake of the herbicides, while components of the herbicide
formulations could also enhance tebuconazole leaf penetration,
accelerating fts phytotoxic action. This double action would account
for the specificity of injury we  observed  with  each

tebuconazole/herbicide tank-mix (Figs. 1 to 3)

- Interestingly, of all the combinations that were tested in this research,
bromoxynil/MPCA+tebuconazole was the only registered tank-mix
found on both product labels (Bayer CropScience Inc. Suite 100, 3131
114th Avenue S.E, Calgary, AB) and was onc of the most injurious

tank-mixes in this study.

- Strobilurin fungicides have been documented to cause crop injury
when tank-mixed with certain herbicides (Stump et al 2002: Robinson
and Nurse 2009). The phytotoxic effect of strobilurin fungicides is
enhanced when tank mixes include products that solubilize the plant
cuticle (such as surfactants and some pesticides) and facilitate
increased passage of strobilurin into the living plant tissue instead of

remaining on the leaf surface, resulting i injury (Stump et al 2002

Vincelli 2002: Agrios 2005) @7
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In fact the product label for azoxystrobin/propiconazole issues a
warming  that phytotoxic effects may be encountered when
azoxystrobirnitpropiconazole 1s tank-mixed with products formufated as
emulsifiable concentrates (Syngenta Crop Protection Canada, Inc., 140

Kesearch Lane, Guelph, ON)

105. The present invention provides a solution to this problem of phytotoxic

side-effects of conazole or conazole + strobilurin fungicides.

106. Now turning to the present experiments, the following is a summary of

the observalions noted during this trial:

Treatment Protocols:

Treatme | Product | Concentrat | Formulati EDosa [ Active (g of | Spra |
E =.

nt No. | fon on type | ge a.i./ha) y
i -
! timin
!
| g

[1 Untreat | - E .' - B

| ed
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01

2 UPL 480 SC 0.177 | Prothiocona | ABC
2030 zole (85) D
FP
Aureo | 720 EC 0.25 | Soybean ABC
% methyl ester | D
270)
3 UPL 480 SC 0.177 | Prothiocona | ABC
2030 zole (85) D
FP
Unizeb | 750 WG 15 |Mancozeb | ABC
Gold (1125) D
Aurec | 720 EC 0.25 | Soybean ABC
% methyl ester | D
270
4 Fox 150 + 175 | SC 05 Trifloxystrobi | ABC
n (75 +|D
Prothiocona
zole (87.5)
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7k

[ Aureo | 720 [ £C 0.25 | Soybean | ABC |
% methy!l ester | D
| (270)
5 | Fox 150 + 175 | SC |05 | '_ffiﬂoxystrobi [aBC
In (75 +|D
’I {
Prothiocona
|
zole (87.5)
"Unizeb | 750 WG 15 [Mancozeb | ABC
| Gold | (1125) D
E_/;‘;ureo 720 [(E 0.25 goybeanwm ABC
% methyl ester | D
! (270)
Phytotoxicity results:
S [ Active Phytotoxicity (%)
N
14 % 7 % 7 %
0.
DAT |reduction |DA |reduction | DA |reduction
A in TClin TD|in
phytotoxi phytotoxi phytotoxi
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01

city due city due city due
to to to
mancoze mancoze mancoze
b b b
Untreated - 0.0 00 |- 00 |-
Prothiocona | 0.0 - 11. 2b. |-
zole 8 5
Prothiocona | 0.0 33 | 723 6.5 {755
zole +
mancozeb
Prothiocona | 8.5 - 22. 40.
zole + 5 0
Irifloxystrob
n
Prothiocona | 0.0 |1000 |35 [844 90 {775
zole +
trifloxystrobi
n +
mancozeb
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C 132 |- RER 73 T
vV M 1t 8t
5)

"arcsen((x/100)M1/2);

L
DAA/B/C - Days After Spray A/B/C/D; t

.
= Transformed data for

107. Thus, it was found surprisingly found that mancozeb reduced the

phytotoxicity of prothioconazole alone by 72.2% and 75.5%,

but in a

combination of systemic fungicides, mancozeb caused to reduce the

phytotoxicity of the combin

ation by 100%, 84.4% and 77.5% respectively.

Thus, the contribution of mancozeb in reducing the phytotoxicily of a double

combination of systemic fungicides is more than its contribution in reducing

the phytotoxicity of single systemic fungicide in isolation.

I'_SdNo.'

- Activc

1

| Ur:treaIerT

_P;bihso_conazole

124 of 728

Prothioconazole

ancozeb

Percent _scvérlf)_; [ AUDf’C N ].
for Phakopsora
pachyrrhizi
~ {00 [e0o1
- 5.8 244
21 |81
_ J
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4 Prothioconazole +| 1.2 43

Trifloxystrobin

5 Prothioconazole +105 2.1

Trifloxystrobin + Mancozeb

CV (%) 797t 12.08t

DAA/B/C - Days After Spray A/B/C/D; t = Transformed data for

"arcsen((x/100)°1/2); t* = Transformed data for "(x+k)}*1/2" with k = 1

108. Thus, mancozeb also surprisingly reduced the percentage incidence of
Phakopsora pacchyrrzhi and area under disease progress curve for the
combination of systemic fungicides. This means thal not only mancozeb
reduced the phyloloxicity problem seen with conazole or conazole +
strobilurin fungicides, it also enhanced the disease control ie. fungicidal

effect exerted by these fungicides.

109. The addition of mancozel> not only reduced the phytotoxicity of the
systemic fungicides in combination quantitatively, but there was a qualitative
visual reduction in the phytotoxicity in the plots treated additionally with

mancozeb.
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i
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4 days after spray C

Field observation

1 U_nthreated

“?- -Prnthiﬂconaml -
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3 | Prothioconazol |

e + Mancozeb

4 | Prothioconazol |
e 4

Trifloxystrobin

5 Prothiogc;nazoi

e +

Trifloxystrobin

+ Mancozeb

————— e — - —— = ]

- 14"days after spréy D
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2 Prothibtonazdl I

3 | Prothioconazot
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4 | Pré-)'t"ﬁioconazol

e 1

Trifloxystrobin

Prothioconazol

o |

e +

Trifloxystrobin

+ Mancozeb

110. Thus, it was concluded that the combination of Prothioconazole with
Trifloxystrobin caused much greater level of phylotoxicity in comparison
with Prothioconazole 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 Prothioconazole & Trifloxystrobin in
comparison with the use of mancozeb with Prothioconazole in isolation in

the most part of evaluations. This was more beneficial because of the

9
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higher rate of phytotoxicity in Lhe treatment using Prothioconazole &

Irifloxystrobin.

111. Thus, it was surprisingly found that the greater the phytotoxic effect
seen due to the treatment with a combination of systemic fungicides, greater
was the beneficial effect seen due to the introduction of mancozeb in

reducing this aggravated phylotoxicity.

Use of multisite_contact fungicides in general

112. Similar trials as described above were caried out using other multisite
contacl fungicides. These experiments were carried out to corroborate the
same advantages were achieved using these other multisite fungicides as

achicved using mancozeb.

113, The trial protocol for these experiments was the same as that using
mancozeb, hence not described again. In each of the following experiments,
the percentage severity ol Asian soybean rusit and the area under disease
progress curve (AUDPC) were transformed to calculate the percentage
control values and reported. These resulis of percentage control achieved

are reported helow:

Use_of chlorothalonil as the multisite_contact fungicide;

o
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114. The dosage of trifloxystrobin was 70 g/ha (500 WG formulation),
tebuconazole 100 g/ha (200 EC formulation), while chlorothalonil 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. | Mixture | Chlorothalonil Difference in

 Without | With 'percentage |

| control

1 Trifloxystrobin +§97.1 986 . + 15 _

lTebuconazole @ 21 DAA

2 | Trifloxystrobin +|681 881 + 200

Tebuconazole @ 18 DAB

3 ) E-Triﬂoxystrobin +|729 788 + 59

Tebuconazele @ 7 DAC

115. Thus, in each of these experiments, a positive correlation belween the
introduction of chlorothalnil and the percentage control of Asian soybean

rust was seen.

Use of copper oxychloride as the multisite contact fungicide:

116.  Copper oxychioride 588 SC was applied at 0.5 kg-I /ha. Pyraclostrobin
250 EC was applied at 0.32 L/ha, whereas metconazole 90 EC was applied
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at 055 L/ha. In these experiments,

A, B and C respectively.

DAA/B/C meant days after treatment

S No. | Mixture Copper Difference in
Oxychloride percentage
Without | With control
1 Pyraclostrobin + 616 85.7 + 241%
Metconazole @ 18 DAB
2 Pyraclostrobin +|534 808 + 27.4%
Metconazole @ 7 DAC
3 Pyraclostrobin + [ 575 83.2 + 257% |
Metconazole (AUDPC; %
Control)

117. Thus, in each of these experiments, a positive correlation between the

introduction of copper oxychloride and the percentage control of Asian

soybean rust was seen,

Seconda

skilled in the art:

ry evidence in the form _of a reasonable expectation of a person

118 Dr. Claudia Vieira Godoy is a prolific researcher, currently positioned as

Senior Researcher at Brazilian Agricultural Research Corporation, EMBRAPA.

She has published about 95 papers tilt date, a majority of which (50) relate

132 of 728

b
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to soybean rust and 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 and related fungicidal control. She

is a person skilled in the art.

119. The present invention claims a priority date of 26.11.2013, whereas the
first country to publish it was the Indian Patent Office on 29.05.2015. Dr.
Godoy's publications before 2013, and after 2015, also stand a testimony

to the inventiveness of the present application.

120. The first paper (Paper 1) referred to herein outlines the changes in
performance of soybean rust fungicides over the years and the new
management strategies adopted in Brazil This paper explains the network
of fungicides from 2003 - 2009, and provides perspectives for 2009/10.
This would mean that the contents of this paper outlines the current 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 the fungicides in use for soybean rust control
from 2002/03 till 2009/10. This list includes 6 triazoles, 2 strobilurins, 5
triazoles + strobilurins and 1 triazole + benzimidazole. Page 16 onwards
lists DMIs + Qols as one of the preferred soybean rust management
strategies during 2003/04 till 2009/10. Page 24 of Paper 1 lists the

sensitivity monitoring tests, which reveals that the increasing ECs, values

01
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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 DMI + 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 all regarding the use of a multisite contact
fungicide at all in these rust control strategies, ie. before the publication

of the present invention.

123. Paper 2 entitled Protective, curative and eradicative effects of fungicides
to control soybean rust caused by Phakopsora pachyrhizi in greenhouse
was published in November 2003. This Paper 2 investigales the protective,
curative and eradicating effects of systemic fungicides (azoxystrobin 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 +

pyraclostrobin 66.5 g ai / ha) evaluated in soybean (Glycine max) plants.

124. Table 1 of Paper 2 demonstrated that at 14 days after sowing, almost
90% control was seen with the combination of epoxiconazole +
pyraclostrobin ie. the concept of using a strobilurin + conazole fungicide

in combination for the control of soybean rust was known and prevalent in

\.
2003. ? l
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125. Till the knowledge existing in the state of the art till 2003, there is no
mention at all regarding the use of a multisite contact fungicide at all in
these rust control strategies, ie. 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
(azoxystrobin 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 + pyraclostrobin 66.5 g ai / ha) evaluated in soybean (Glycine

max) plants.

127. Tahle 1 of Paper 3 also demonstrated that at 14 days after sowing,
almost 90% control was seen with the combination of epoxiconazole +
pyraciostrobin ie. the concept of using a strobilurin + conazole fungicide
in combination for the controt of soybean rust was known and prevalent in

2004.

128. Till the knowledge existing in the slate of the art till 2004, there is no
mention at all regarding the use of a multisite contact fungicide at all in
these rust control strategies, ie. before the publication of the present

invention,

129. Paper 4 was published in June 2005. On page 676 of this Paper 4, it

is disclosed that - Moreover, application of foliar fungicides is not a routine 91

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



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, strobifurin and triazole fungicides are being used

130. Therefore, till the knowledge existing in the state of the art till 2005,
there is no mention at alf regarding the use of a muttisite contact fungicide
at all, much less mancozeb, in these rust control strategies, i.e. before the

publication of the present invention.

131. Paper 5 - Del Ponte, Emerson & Godoy, Claudia & Du Preez, F & van
Rij, N & Caldwell, P & Yang, X. (2005). Predicting regional Asian soybean
rust outbreaks in Brazil and South Africa. Phytopathology. 95. S23-523
was also published in June 2005 and has the same conclusions as the

Preez thesis discussed above.

132. Precz is a part of a MSc thesis submitted by Fve Diane du Preez for
her work done on control of soybean rust. Preez reports the efficacy of 11
fungicides for the control of Phakopsora pachyrhizic azoxystrobin,
triadimenol, flusitazole, triforine, mancozeb, epoxiconazole/pyraclostrobin,

tebuconazole, flutriafol, flusilazole/carbendazim.

133. Preez quotes the studies attempted by Yang (1977) for different cultivars.
The yteld loss, calculated from the difference for mancozeb sprayed and

unsprayed soybean yields, was 23, 24, 32 and 50% for the cultivars. Thus, 91
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this citation in Preez 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. Applicant never claims to have invented mancozeb
for 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 double combination of systemic fungicides selected from
demethylation inhibitors, quincne outside inhibitors and succinate
dehydrogenase inhibitor fungicides. Preez or the Yang (1977) study quoted
by Preez, does not contemplate mixing mancozeb with any systemic

fungicides, less so, in a triple combination as in the present invention.

134. Precz again guotes a 1979 study by Ogle ef ai, who conducted a field
trial where soybeans were protected for different lengths of time. Yield
reduction in the unsprayed treatment was 67.8% compared with the
treatment that was sprayed forthughtly with mancozeb until harvest, Loss
was associated with reduction in the number of pods, number of filled
seeds, seed mass, seed yield per plant, reduced seed oit content {(but not
protein) and non-seed dry weight of plants. Again, this citation in Preez
attempts to demonstrate the criticality of using mancozeb alone for
controlling rust in wheat. Preez does nol investigate the use of mancozeb

as a synergist for soybean rust, nor the effects it has in synergizing the @1
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activity of the conazole + strobilurin fungicides in controlling soybean rust.
Applicant never claims to have invented mancozeb for 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 double
combination of systemic fungicides selected from demethylation inhibitors,
quinane outside inhibitors and succinate dehydrogenase inhibitor fungicides.
Preez or the Ogle (1979) study quoted by Preez, does not contemplate
mixing mancozeb with any systemic fungicides, less so, in a triple

combination as in the present invention.

135. The data presented by Preez in the MSc thesis demonstrates that the
lowest yield was obtained from the unsprayed control (92% disease;
16.60g.ha-l) which was not significantly different from mancozeb (79%
disease; 1811qha\ tridemorph (73% disease; 19.47qhal ) and
chlorothalonil (72% disease; 18.90gha-1) treatments. Thus, this study by
Preez actually equates the effecl of mancozeb usage with the untreated
control, meaning thereby that mancozeb was not found Lo be useful for
the control of soybean rust when used alone. The conclusions of this study
would have actually dissuaded a person skilted in the art from combining
mancozeb with a double combination of systemic fungicides selected from
demethylation inhibitors, quinone outside inhibitors and succinate
dehydrogenase nhibitor 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 fungicides to control
SBR dates back to the 1960s (Kitani et al, 1960a, 1960b, 1960c; Chu and
Chuang, 1961; Huang and Kiuy, 1961; Wang, 1961) when protectant
fungicides such as Bordeaux mixture, copper, dichlone, dinocap, limesulphur,
mancozeb, 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 being known since 1960s, no person skilled in
the art contemplated using mancozeb, when used as a synergist, in
combination with a double combination of systemic fungicides selected from
demethylation inhibitors, ~quinone outside inhibitors and succinate

dehydrogenase inhibitor fungicides.

137 Moreover, these studies cited by Preez are now 50-60 years old. It is
an established principle 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
moreaver completely silent about the extent of the indicaled activity and,
finally, did not even mention, let alone discuss, the relevant state of the

art, did not represent the closest state of the art. Applicant states that it él
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would have been unrealistic to rely on these studies cited by Preez, without
hindsight of the present invention, to try 1o combine mancozeb with other
systemic fungicides of fungicides selected from demethylation inhibitors,
quinone outside inhibitors and succinate dehydrogenase inhibitor fungicides
to improve their properties. The technique of using mancozeb, along with
other systemic fungicides selected from demethylation inhibitors, guinone
outside inhibitors and succinate dehydrogenase inhibitor fungicides had not
received any attention in the past 60 years, and it is not obvious as to
why a person skilled in the art would consider such a strategy lo improve
the efficacy of known fungicides by using mancozeb 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 slales lhal these
studies are completely silent regarding the use of mancozeb in these
combinations, or the quantity of mancozeb lo be used which [eads to a
synergistic effect, or the precise triple combhinations including mancozeb

which are now being claimed.

139. Paper 6 was published in August 2007. This paper illustrates the use of
the fungicide azoxistrobin + ciproconazole (60+24 g ia./ha) 4+ mineral oil
(0.5%). There is no mention at all regarding the use of a multisite contact

fungicide at all, much less mancozeb, in these rust control strategies, ie.

)
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before the publication of the present invention, especially for the control

of soybean rust.

140. Paper 7 was published in October 2007, and is a review of the chemical
control of soybéan rust using the knowledge available in the state 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 CD 205 and BRS 133. The active ingredients tested were
tetraconazole (50 g ai ha-1) and pyraclostrobin (665 g ai hal)

epoxiconazole (25g ia ha-1).

141. This paper 7 concluded that treatments containing only triazole or a
combination of strobilurin + triazole demonstrated a protective and curative
effect with similar results in disease control. The unique application of the
tetraconazole and pyraclostrobin + epoxiconazole fungicides showed higher

efficiency when applied with low fungal severity.

142. Still, as of October 2007, there was no mention at all regarding the use
of a multisite contact fungicide at all, much less mancozeb, in these rust
control strategies, ie. before the publication of the present invention,

especially for the control ol soybean rust.

143. Paper 8 was published in October 2008. This paper experimented with

a different approach of treating seeds followed by chemical treatment for@_]
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optimum control of soybean rust. The seed seed was treated with
carbendazim + thiram (30 + 70 g ai per 100 kg seed), or with fluquinconazol,
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 concludes that the treatment of the seed of soybean with
fluquinconazol or with foliar fungicides of carbendazim + thiram did not
delay the appearance of the first symptoms nor the evolution of the disease
and did not presents a benefit in the management of rust. It was further
concluded that the addition of a foliar fungicide treatment regimen did not
have a favorable influence on the standard known trealment regime of

strobilurin + conazole fungicides for the control of soybean rust.

145. The conclusion of this paper has two important ramifications for the
subject-matter of the present invention: (i) It would have dissuaded any
person skilled in the art from adding a multisite contact fungicide, much
less mancozeb, in the known standard treatment regime of strobilurin 4
conazole fungicides for the control of soybean rust; and (i) Secondly, as
of October 2008, the general knowledge in the slale of the art did not still
cansider the use of a multisite contact fungicide, much less mancozeb, in

these rust control stralegies, ie. before the publication of the present

o)
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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 azoxystrobin ha-1 + 24 g cyproconazole ha-1 applied to different
growth stages to control soybean rust. 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 multisite contact fungicide, much less mancozeb,
in these rust control strategies, i.e. before the publication of the present

invention, especially for the control of soybean rust.

148. Paper 10, Scherm, H & Christiano, Rock & Esker, Paut & Del Ponte,

Emerson & Godoy, Claudia. (2009). Quantitative review of fungicide efficacy
trials for managing soybean rust in Brazil. Crop Protection. 28. /74-782.

10.1016/].cropro.2009.05.006., was published in September 2009,

149. This paper presented a meta-analytical synthesis of the results of 71

uniform fungicide trials containing 930 entries (specific fungicidal treatments)
conducted in Brazil from 2003/2004 to 2006/2007. These experiments were
conducted to: (1) quantify the overall efficacy of fungicidal treatments in
reducing disease and yield loss; (2) determine to what extent fungicide

efficacy depends on overall disease pressure, the number of spra@’l
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applications, and the amount of disease present at the time of the first
application; and (3) test for differences in efficacy among fungicide classes

and specific aclive ingredients.

150. This paper concluded that triazole fungicides applied alone performed
better than strobilurins alone, but there was a wide range in efficacy among
individual triazoles, with prothioconazole and tebuconazole performing best
and fluquinconazote and difenoconazole being lecast effective. Combinations
of strobilurins with triazoles (especially those containing cyproconazole)

improved disease and yield loss control compared with either class alone.

151. Therefore, Paper 10, tested 930 fungicide treatments fer the control of
soybean rust, and yet concluded thal combinations of of strobilurins with
triazoles was the best trealment available in the state of the art till
September 2009. Later evidence further showed that even the efficacy of
this best possible treatment by combinations of of strobilurins with Wriazoles
was seen to be decaying with gradual decay over the years. Still, despite
the 930 fungicides tested till September 2009, the general knowledge in
the state of the art did not still consider the use of a multisite contaclt
fungicide, much less mancozeb, in these rust control strategies, i.e. before

the publication of the present invention, especially for the control of

0
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152. Paper 11 was published in December 2011. This paper is based on the
premise that - Fungicide trials in india (Patil and Anahosur, 1998) identified
several lriazole compounds, hexaconazole, triadimefon, propiconazole and
difenoconazole, which performed better than mancozeb, tridemorph and
chlorothalonil. This discussion clearly discourages a person skilled in the
art from considering the use of contact fungicides such as mancozeb in

soybean rust control programs.

153. This paper further concludes that - 7he mixtures of triazoles and
strobilurin fungicides tend to be most consistent, providing less severe ASR
and higher yields (Miles et al, 2003, 2007 Scherm et al, 2009) and that
- The number of labelled fungicides to control ASR increased from 5, in
2002, to approximately 70, n 2010. Most of them belong to the DM group,
with several generic compounds. Qols were recommended alone in the first
growing seasoris only and, due to lower efficrency compared to triazoles
alone (Scherm et al, 2009), they have been recommended only in mixtures

with triazoles.

154. This paper also, for the first time, guantitatively established a gradual
decay in the efficacy of strobilurins, or conazoles or their mixtures towards
the controt of soybean rust with their use gradually over the years, by
stating that - Combinations of strobilurins with triazoles improved disease

and yteld loss control compared with either class alone. Even without aé
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clear answer as to the reasons for the reduced performance of triazoles
observed 7 years after the introduction of P. pachyrhizi in Brazil, it reached
a level at which rust control with straight azoles became unsatisfactory.
Since 2007, the use of straight azoles has been decreasing and the use of
triazole- strobilurin mixtures was intensified as the major strategy to reduce
the risk of resistanice. The general knowledge in the state of the art, as of
December 2011, did not still consider the use of a multisite contact
fungicide, much less mancozeb, in these rust control strategies, ie. before
the publication of the present invention, especially for the control of

soybean rust.
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155, This again establishes that about 2 years before the priority date of the
present invention, the general consensus in the state of the art was to

consider the mixttire of triazoles and strobilurins as the best avaittable

&

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



treatment for soybean rust. The present invention takes 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, ithe contribution of the present invention i.e. the use of a multisite
fungicide in combination with mixture of lriazoles and/or strobilurins and/or

SDHIs was not available to the authors of this paper yet.

157, This paper evaluated fungicides belong to the following groups: a)
demethylation inhibitors; b) quinone oxidase inhibitors (Qol) and ¢) succinate
dehydrogenase inhibitors (SDHI). The specific fungicides tested were:
Tebuconazole 100 g ia ha -1 (T2); cyproconazole 30 g ai ha -1 (T3)
azoxystrobin 50 g ia ha -1 (T4); azoxystrobin + cyproconazole 60 + 24 g
ai ha -1 (T5); pyraclostrobin + epoxiconazole 66.5 + 25 g ai ha -1 (T6);
picoxystrobin + cyproconazole 60 + 24 g ai. ha -1 (T7); trifloxystrobin +
prothioconazole 60 + /0 g ai ha -1 {T8), picoxystrobin + tebuconazole 60
+ 100 g ai ha 1 (19); azoxystrobin + flutriafol 625 + 625 g ai ha -1
(T10); pyraclostrobin + metconazole 65 + 40 g ai ha -1 (T11); azoxystrobin
+ tetraconazole 50 + 40 g ia ha 1 (T12); pyraclostrobin + fluxapiroxade

99.9 + 501 g ia ha -1 (T13); azoxystrobin + lebuconazole 72 + 96 g ai ha Z
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-1 (T14); azoxystrobin + tebuconazole 625 + 120 g ai ha -1 (T15)
azoxystrobin + flutriafol 62.5 + 625 g aj ha -1 (T16);, metominostrobin +
tebuconazole 63.2 + 948 g ai ha -1 (T17); pyraclostrobin + epoxiconazole
+ fluxapiroxade 64.8 + 40 + 40 g ia ha -1 (T18); bixafen + prothioconazole
+ trifloxystrobin 625 + 875 + 75 g ai ha -1 (T19); azoxystrobin -

benzovindiflupyr 60 + 30 g ai ha -1 (T20).

158. This paper again does not envisage the use of a multisite fungicide,
particularly mancozeb, additionally with the conventionally known mixtures
for the control of soybean rust. This again establishes thal even before the
publication of the present application, the general consensus in the state
of the art was to consider the mixture of triazoles and strobilurins as the
best available treatment for soybean rust. In fact, there was scientific
prejudice against using a multisite fungicide, particularly mancozeb, for the
control of soybean rust. The present inventors have ventured against this

scientific prejudice and achieved success.

159. Paper 13 was published in June 2015 ie. barely 4 months prior to the

publication of the present application in India

160. Page 114, left hand column, second paragraph of this paper notes that

- the fungus started to show a decrease in sensitivity to Demethylation
Inhibitors (DMis) fungicides in Brazil from 2007 (Godoy, 2011). Since then,
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only premixes of DMIs and Quinone outside Inhibitors (Qols) fungicides have
been recommended to control the disease. Although Qols fungicides have
never been recommended alone, due to low efficacy against soybean rust,
in 2013, a decrease in efficacy was also observed in this group of
fungicides, compromising the control of the premixes at different levels,
Products consisting of new broad-spectrum Succinate Dehydrogenase
Inhibitors (SDHIs) fungicides mixed with Qols were launched onto the market

in 2013.

161 This paper again does not envisage the use of a multisite fungicide,
particularly mancozeb, additionally with the conventionally known mixtures
for the control of soybean rust. This again establishes that even before the
publication of the present application, the general consensus in the state
of the art was to consider the mixture of triazoles and strobilurins as the
best available treatment for soybean rust. In fact, there was scientific
prejudice against using a multisite fungicide, particularly mancozeb, for the
control of soybean rust. The present inventors have ventured against this

scientific prejudice and achieved success.

162. Paper 14 was published in July 2015, i.e. 4 months before the earliest
publication of the present application in India. This paper tested the
following mixtures: azoxystrobin, bixafen + prothioconazole + trifloxystrobin

and trifloxystrobin 1+ prothioconazole, tebucconazole, azoxystrobin +Q‘Z
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benzovindiflupir, bixafen + prothioconazole + trifloxystrobin trifloxystrobin +
prothioconazole and pyraclostrobin + epoxiconazole + fluxapiroxad. This
paper again does not envisage the use 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 in the same month,

163. Paper 15 was published in May 2016. It was the first paper published
after the eartiest publication of the present application in India. This paper
again discusses the fungicidal double and triple mixtures of demethylation
inhibitors, quinone 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

141 and 1% above.

164. Page 415, first paragraph of this paper, acknowledges the inventive
contribution of the present invention for the first time by stating that
Since effective fungicides with a new mode of action are not readily
avalable, old multi-site  fungicides, eg mancozeb, copper sulfale,
chorothalonil, which have low resistance risk, have been recently re tested
for P. pachyrhizi control in mixtures or tank mixtures to increase control

efZciency and reduce the risk of resistance (Godoy et al, 2015b) @7
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165. This paper still does not envisage the use of a multisite fungicide,
particularly mancozeb, in 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 ie. the first trial which could be conducted full scale
after the pubtication of the present application in India and in the PCT
procedure. This paper discusses the role of a mulsitite 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 oxychloride, chlorothalonil, 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

O

soybean rust,
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Tabela 3. ingredientes atives (i.a 1, produto comarcial ip.c.d e dose dos fungicidas avaltadas em tratemenios associodos
para o controle da doengas na culiura da soa, sahia 2015416,
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27
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167. This paper notes a marked reduction in severity of soybean rust and

yield of soybean in treatments which were inclusive of a multisite contact

fungicide in addition ta the mixture of triazoles and/or strobilurins and/or

SDHls.
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Tabeta 5. Severidade da ferrugem, porcantagem de controle (Ch em relacko A westemunha sem fungicida, produtividads e
porcentagem de reducao de produtividade (RP) em relagio ao tratamenta com a maior produtividade, para os diferentes

lestemunha

tratamentos. Média de 20 ensaios para severidade e 21 pera produtividada. Safra 2015/16

‘Do ¥,

B0+24
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J picosistrobing ¢ ciproronazol! & oiclorelo de cobre 60+24 & 294 318 DL 58 16
4 picaxistobing « oproconazel’ e clorotaon 60+24 & 10680 ne E 60 15
5 picoaiskrobing + aiproconazel’ e orxicloreto de cabre? 60424 e 280 329 DE 58 15
& picogshobina + aproconazol' @ mancazebs 60¢24 ¢ 1500 ME € &0 2876 DE L3
7 picoxstrobina + cproconazol! e sulfalo de cobre? B+ m 11385 o ¢ 53 2731 FGH 19
8 pcowstrobina + ciproconazol’ e propinele’ 60424 & 1400 B C 54 2750 FGH 19
9 pizowstrobina + ciproconazol’ e fluazinam 60+2d e 500 M D a7 7t Ge x
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168. Thus, it is clear from the trials done in 2015/16 crop ie.
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 multisite

fungicide to the known mixture of triazoles and/or strobilurins and/or SDHis

leads

to surprising enhancement

particularly for the control of soybean rust.

169. It i1s thus established that prior to the publication of the present

ha't; 'PMR - produtn nan

the first trial

in efficacy of these combinations,

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

153 of
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end to this scientific prejudice, to the extent that the current thinking in-
the scientific community took a dramatic turn immediately after the
publication of the present application. 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 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 field relates to an opinion or preconceived
idea widely or unwversally held by experts in that field. The presenl invention
successfully overcomes this long held technical prejudice, which is indicative

of non-obviousness of the present invention.

171. Paper 17 published in August 2016 again describes similar experiments
as paper 16. This paper again sludics the role of addition of a multisite
fungicide to mixture of triazoles and/or strobilurins and/or SDiHIs and draws

the same conclusions.

172. Paper 18 published in August 2016, again reports similar trials wilh

4
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173. Paper 19 was published in July 2017. This paper again discusses the
role of copper oxychloride, chlorothalonil, 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 rust.

174. Paper 20 was published in October 2017. This paper studies the gradual
decay in the efficacy of the long known mixture of triazoles and/or
strobilurins and/or SDHIs in the absence of a multisite fungicide, particularly
mancozeb. Page 35 of this paper represents the downwards sloping efficacy
graphs for the long known mixture of triazoles and/or strobilurins in the
abscnce of a multisite fungicide. However, in the presence of a multisite
fungicide such as mancozeb, the downward slope in the efficacy of the
long known mixture of triazoles and/or strobilurins curve straightens. This
paper is yet again an indication of the non-obviousness of the subject

matter of the present inventon.

175. Paper 21 was published in July 2017. This paper again discusses the
role of a mutisite fungictde in synergizing the efficacy of the mixture of

triazoles and/or strobilurins and/or SDHIs in control of soybean rust. 9
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176. Tables 3 and 5 of this paper discloses the role of copper oxychloride,
chlorothalonil, mancozeb, copper sulfate, propineb, and fluazinam in addition
to the long known mixture of triazoles and/or strobilurins and/or SDHIs fo

achieving a superior control of Asian soybean rust.

Tabela 3. Ingrediontes ativos (i.3.). produtes comerciais Ip..) e dotes dos fungicidas avaliados em 1rararmenitos
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TR0 AT P s b H bt b 1 e —_———— 1R And A et LE

Adiiranady Auigo 0,258 viv, MAdizionado Himbua 0.6 L he. %N piodatn 03n smpediedn na culiure o sup, 'PNA podulo néd regal ate 7o o alvn
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Taluln ©. Sevendade da terrugem. poscentagem de controle [C) em relagio b 1estemunha sem fungicida, produtvidads e
porcentagen du redutac de produtividade (RF} em relagBo ao tratamento com a maior produtividade, para os diferentes
waLaentos, Madin de 24 ensaios. Safra 201617,

B el aat T e e 5 L . - k Lo =T e
1 testemunha R vk 3262 © 1)
2 uitloxistiobine + protaconeral’ B3+ 20 144 B [-1:3 3087 BC -3
3 1wl bine + zol' e clorolalonit* B4 o 1QBD 18,3 FEF 75 3206 A8 z
4 tuforistrotina + piotioconazol' e axcloreto de cobre’ B0+ 30 ¢ 560 1680 F 75 3196 A€ 2
5 MiBoaistobing 4 piotiocennrol’ e rmhcorebe B30 5 2260 149 DEF T4 “2293 A 1
&  Inflokistrobimg + protwconeisl’ e mencosebe? 608 0 m 15 1.7 BCDE " 3147 ADC 4
7 aifloxistrobire + ol & mencteébe? : £04 30 8 3240 M.t COEF Ty 3194 AB 2
8 trillgxmiipbers - protioconszol's 6xido tupross' BO+ X 5 315 ¥4 DEF 3 3202 A8 z
9 tollaxistiobia + p e Bazilles amylodquefaciens’  EOYI0CD wWPulem | #43 AC (1R 3085 € - 6
10 tritlpnistrohens + protcanagsl’ e fluszmam® 5O 30 « S8 193 [OEF 73 3161 ARC 3
1 wiflexiairobine & arati £t e clovatelon® - sgadoeumsel C T iRE DEF 7 a7 aec 3
12 tiflosiitrobing + protiocanotral’ « mancozche® e 30 ¢ 2240 20,1 DEF 7z 3263 A L4
13 tifloasliclsne # piolioconazol® a hidmxida de cabre* B0 + 30 ¢ 807 _.202 DEF T2 .3 ABC 3
14 nfkrusiolena = pretmconascl! ¢ sandoelo de cobig! 50 + 30 « 294 19.2 DEF 4 3132 AB ?
15  trlmantiobiar + provacarace v m.'-:wﬂu‘cémht‘1 remnoozels’ 80+ M 201,54 300 19,7 DEF 2 3243 A .. 1
16 eroritlickine — benzonvawhnfhupid 60-+130 29,86 BCD 0 3z09 AB ¥
P TR S M R Ly T I e e e B T R 10 8§ BTN T T 1 e

Médias seguider de masiis buird, na cohme, nac diferem entte 31 pelo lesle de Tukey (p = 0,055 YAdicionade Auran 0.25% vis,
"Adicionsda Nuebizs 0.6 L bn", *Prcdins 760 regied isdo no culluro da seid. *Praduto oo iegriiado pare o olva Fhakopiara pachysuss

177. This paper notes a marked reduction in severity of soybean rust and
yield of soybean in treatments which were inclusive of a multisite contact
fungicide in addition to the mixture of triazoles and/or strobilurins and/or

SDHs.

178. Incidentally, and quite interestingly, her research publications can be
divided into two parts Le. pre-November 2015 and post-November 2015. In
all the papers discussed above being prior to November 2015 being Papers
1 - 15, no mention could be found regarding the use of a multisite fungicide
for controlling soybean rust. In Papers 16 - 21 ie. post publication of the
present application, Dr. Godoy has independently confirmed what the present
inventors found three years earlier ie. in 2013 that the inclusion of @1
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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 multisite fungicide to the
known mixture of triazoles and/or strobilurins and/or SDHIs leads to
surprising enharncement m efficacy of these combinations, particufarly for

the control of soybean rust.

179. This clear demarcation between the papers 1 - 15 and papers 16 - 21
establish 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 end to this scientific prejudice,
to the extent that the current thinking i the scientific community took a
dramatic turn immediately after the publication of the present application,
such that what was earlier considered as not being useful, is now being
seen as the solution to all the problems of soybean crop. Applicant statcs
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 testimouy;
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regarding the inventiveness of the present claims is required and the claims

deserve to be proceeded to grant straightaway.

180. A prejudice in any particular field relates to an opinion or preconceived
idea widely or universally held by experts in that field. The present invention
successfully overcomes this long held technical prejudice, which is indicative

of non-obviousness of the present invention.

Post-published evidence

181. It is also evidenl from a review of the papers discussed above that after
the first publication of the present invention, several independent research
papers reconfirmed the findings of the present invention i.e. the addition of
a multisite contact fungicide lo the combination of systemic fungicides
leads to a surprising cnhancement of the efficacy of the resulting triple

combinations.

Source .:"!'_I[IDSZ_//W.‘:VW."E5Carfihg_aléhdﬁt,fpabliCath_n/rio_-S_‘;51298 (Paper 1G) |

S | Treatment _ ___Pércentaée “Diff_ere-nce .in__Per;centa_gé |

No. control control due::reduction in
to productivity
introducing a

S % B S _@7
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multisite

fungicide

1 Untreated

36

2 Picoxystrobin

Cyproconazole

44

3 Picoxystrobin
Cyproconazole

Copper oxychloride

58

+14.0 16

4 | Picoxystrobin
Cyproconazole

Chlorothalonil

60

+ 16.0 15

5 Picoxystrobin
Cyproconazole

Mancozeb

60

+16.0 1%

6 Picoxystrobin
Cyproconazole

Copper sulfate

53

+9.0 19

160 of 728
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17 ] Picoxystrobin + 54 | +10.0 (19
Cyproconazole +

Propineb
i
|

8 | Picoxystrobin +|57 + 130 20

Cyproconazole +

Fluazinam

9 | Picoxystrobin 163 + 190 113

Cyproconazole + |

Mancozeb

— : |

10 )\é-oxysf-rabin v | 77 - 6

Benzovindiflupyr

+ 81 " [+40 1s

11 Azoxystro”I;i.n
Benzovindiflupyr i
| Copper oxychloride
12 :_Azoiystrobin_ +lso T+ 30 |4 1
Benzovindiflupyr +
Chlorothalonil ;
I . R P
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[13 | Azoxystrobin +]81 +4.0 0
Benzovindiflupyr 1
Mancozeb

14 | Azoxystrobin r| 79 120 6
Benzovindiflupyr +
Copper sulfate

13 | Azoxystrobin +| /8 +1.0 5
Benzovindiflupyr +
Propineb

16 | Azoxystrobin 179 +2.0 5
Benzovindiflupyr +
Fluazinam

Source : (Paper 17); hitj:s

Slwearesearchgale net/publication /30615905 3

17 | Picoxystrobin +| 56
lebuconazole

18 | Picoxystrobin + | 64 +6.0
Tebuconazale +
Mancozeh

15

10

Source: Paper 19 - hitos://vanw.rescarchgate.net/publication/ 320702727

q
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19 i Picoxystrobin +|59 i 17
Tebuconazole

20 { Picoxystrobin +63 +40 12
Tebuconazole +

Mancozeb

Source - Paper 21 : hlitps:/ /www.researchgate net,/nublication/ 320702665

21 | Untreated 0 - 31
22 | Trifloxystrobin +| 66 5
Prothicconazole
23 | Trifloxystrobin 175 +9.0 P _
Prothioconazole +
Chlorothalonil
24 | Trifloxystrobin + |75 90 |>
Prothioconazole +
Copper oxychloride
25 | Trifloxystrobin +174 +80 |1
Prothioconazole +
Mancozeb
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26 | Trifloxystrobin + 173 17.0 2
Prothioconazole +
Copper sulfate

27 | Trifloxystrobin +|73 +7.0 3
Prothioconazole +
Fluazinam

28 | Triftoxystrobin +[ 74 +8.0 3
Prothioconazole +
Chlorothaloml

29 | Trifloxystrobin +172 +6.0 3
Prothioconazole i
Copper hydroxide

30 | Triftoxystrobin +174 + 80 2
Prothioconazole +
Copper oxychloride

31 Triﬂox-ystrobin +|73 +7.0 2
Prothicconazole +
[Copper oxychloride +
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 double combination
(prior 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 mancozeb
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 multisite contact fungicides appears to work in a similar
manner. They all provide a proteclive coating on the leaf. Therclore, 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 contacl 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 SOHMI class of fungicides, the multisite contac@]
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fungicides were superseded by the later discovered systemic fungicides.
Iherefore, 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 thinking.

186. The pathogen for rust penetrates and colonizes the leaf tissue, forming
necrotic lesions. Due to its penetrative nature, it has always been treated
with systemic fungicides ie. fungicides absorbed within the plant tissues.
Multisite contact fungicides have not been recommended, or have been

discouraged, from being used in rust control

187. The Preez PhD thesis clearly discourages the use of contact lungicides
in rust control. Paper 8 also concludes that the addition of a foliar fungicide
treatment regimen did not have a favorable influence on the standard
known treatment regime of strobilurin + conazole fungicides for the control
of soybean rust. Paper 11 concludes that - fungicide trials in India (Patil
and Anahosur, 1998} identified several triazole compounds, hexaconazole,
triadimefon, propiconazole and difenoconazole, which performed better than
mancozeb, tridemorph  and  chlorothalonii  This  discussion clearly
discourages a person skilted in the art from considering the use of contact

fungicides in soybean rust control programs. @z
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188. As is evident from Dr. Claudia Godoy's publications on rust control
before and after the publication of the present application, | say that the
publication 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 be against the conventional
thinking, and it did cause a turnaround in the collective thinking in the

state of the art.

190. Interestingly, on delving deeper into Dr. Godoy's research, it was found
thal the content in her research papers could be clearly demarcated into
two portions, the one before the publication of the present application and
the other post- publication. In the pre-publication papers, she talks about
soybean control by Qols or DMis + SDHls, without any reference to contact
fungicides, particularly mancozeb. In her post-publication papers, she has
dwelt only upon the effect of contact 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 aigg
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the present application was published, the recommended fungicidal contiol
regimen took a dramatic turn 1o nclude contact fungicides in the soybean

rust control programs.

192. The statements made above are true to my knowledge and belief and

that | have not suppressed any material fact.
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ANNEXURE A [

Gilson Hermenegildo de Oliveira

Estrada Ageo Mariano de Lima Km 4

12935-000 - Vargem — SP - Brazil Brazilian
+55 11 9906-6519 mob. +55 11 4598-0392 home 01/22/1963
gilson.holiveira@icloud.com

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

n

win/win” basis. High mobility and knowledge of the main regions throughout Brazil, intensively working with

50y, 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 organizaticnal levels;
Excellent interpersonal relationship and ability to work with ali 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 agatn opened a new positicning in the market such that the UPL can lead the thread. Sc
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 te 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
US$ 126.7 M in 2007, (46%, with market share changing from 15% 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 / Creation of “Muito Mais...” Program — “Much More...”) - Sales
increased from US$ 30 M to US$ 54 M. “"Marketing Awards 2006” as Best Marketing 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
performed 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 ali sales team to
a new strategy. 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% 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 5™ place in market, it becarne 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 LCM - With a contribution
margin growth from 51% 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$17 M in the second year. 25% internal cost decreasing, saving US$ 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 / 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% to 65% 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 US$ 18 M to US$
25 M in one year. Expansion of fungicide application to cther cultures as vegetables and beans, used only in
winter cereals up to that moment. Bayer Plant Protection, 1988.

PROFESSIONAL BACKGROUND

« UPL

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). Consolidation 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, CoaperUP (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
vour greatest support was the creation of the EAGLE TEAM-group of scientists who support the project.

« DVA

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/Coop, 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 (IGM) and “cash flow”.
Product “Phase Out”, reptacing with better-gain strategies. "Life Cycle Management” of ali portfolios (LCM of
CNIs, won the International Market Award).

= Local Sales Manager Jul 1999 / Jun 2002

Responsible for local Campinas Office, leading a 12-people 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. Responsibie for a sales amount of US$ 17 M.

= PF Product Manager - S3o Paulo, SP. 1993

« Agro III Sales Technical Representative - Guaira, SP. 1992

= Research Agronomist III - Braganca Pta., SP. 1991

» Development Agronomist III - Campinas, SP. 1988 7 1991

= Regional Agronomist I - Palotina, PR. 1985 / 1988
EDUCATION

Agronomic Engineering - F.A.Z "Manuel Carlos Gongalves” - 1984
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Projects

Projects ( 2)
Monitoring the effectiveness of fungicides in soybean rust

Progect

1 Update

[ntegrated management of plant diseases

Praject

1 Update

Research

Research ltems (95)

Meta-analytic modeling of the decline in performance of fungicides for managing soybean rust after a decade of use in Brazil
Oct 2017

D relipe Dalla Lana Pierce Anderson Paul -+ B Claudia VIEIRA Godoy - [...] - <3 Emerson M Del Ponte

An apparent decline in fungicide performance for the contiel of soybean rust in Biazil has been reported but the rate at which it has occurred has
not been formally quantified, Cantrol efficacy and yield response to three fungicides applied as single active ingredients (ai) -azoxystrobin (AZ0OX),
cyproconazole {CYPRY), and tebuconazole (TEBU) -and four applied as mixtures-AZ0X + CYPR, picoxystiobin + CYPR, pyraclostrobin +,

Ve 132 Reads
Efficiency of fungicides for control of white mold (Sclerotinia sclerotiorum) in soybean, in the 2016/17 harvest: summary results of cooperative
trials

Technical Report Sep 2017

€) Mauricio Conrado Meyer - Hercules Biniz Campos - B Claudia VIEIRA Godoy - [..]- {3 wilson Venancio

This technical report brings the results from the network trials for chemical controf of white mold {Sclerotinia sclerotiarum) on soybean in Brazil,
crop season 2016-2017 (in Portuguese). Also available at: hitp://ainfo.cnplia.embrapa.br/digital/bitstream/item 164 554/1/CT-133-0L.pd

View 3 Reads
Efficiency of fungicides for the control of the target spol, Corynespora cassiicola, in the 2016/17 crop: summary results of cooperative trials

Technical Repori Jul 2017

£ Claudia VIEIRA Godoy - 7 Carlos M WHiamada - (9 Mauricio Conrado Meyer - [..] -+ Valiemir J. Carfin

This paper reports the results from the network trials for fungicide efficiency to control target spot {Corynespora cassiicola) on soybean in Brazil,
crop season 2016-2017 (in Portuguese). Also available at: hitps:#ainfo.cnptia.embrapa.be/digital/bitstream/item/162647/1/CT-130-01, padf

Wisw [} Reads
Efficiency of multisite fungicides and biological product in the centrol of soybean rust, Phakopsora pachyrhizi, in the 2016/17 crop: summary
results of cooperative trials

Technical Report Jul 2017

B Claudia VIEIRA Godoy - ¢ Carlos M Utiamada - §) Mauricio Conrado Meyer - [...] - £ Wilson Venancio

{Phakopsora pachyrhizi) on soybean in Brazil, crop season 2016-2017 {in portuguese). This paper reports the results from the network tiials for
protectant fungicide efficiency evaluation to control Asian soybean rust (Phakopsora pachyrhizi} on soybean in Brazil, crop season 2016-2017.
Also available at: https:#ainfo.cnptia.embrapa.br/digital/bitstream/item/162646/1/CT-131-0L.pdf

View 47 Reads
Efficiency of fungicides for the control of soybean rust, Phakopsora pachyrhizi, in the 2016/17 crop: summary resuits of cooperative trials

Technical Report Jul 2017
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4{17/2018

B Claudia VIFIRA Godoy - * Carlos M Utiamada - €3 Mauricio Conrade Meyer - |...] - & Wilsan Venancio

(Phakopsara pachyrhizi) on soybean in Brazi), crop season 20116-2017 (in portuguese). This astiche is a stub. You can help Wikipedia by expanding
it. Also available at: hups:/ainfo.cnptia.embrapa br/digital/bitstteam/item/162648/1/CT-129-ler1ugem-OL.pdf

3 42 Reads
The recombinant pea defensin Dir230a is aclive agains! impacting soybean and cotton pathogenic fungi from the genera Fusarium,
Coiletotrichum and Phakopsora

Article Dec 2016

Atiane Ferreira Lacerda - & Rafael Perseghini Del Sarto - '8 Marilia Santos Silva - [.] - 13 #aria Fitima Grossi-de-83

Plant defensins are antifungal peptides produced by the innate immune system plants developed to circurnvent fungal infection. The defensin
Drr230a, originally isclated (rom pes, has previously been shown to be aclive against various entomopathogenic and phytopathogenic fungi. ln
the present study, the activity of a yeast-expressed recombinant Dir230a protein (1Drr230a) was tested against impacting soybean and cotion..

View 111 Reads
Cooperalive assays for biclogical controf of Sclerotinia sclerotiorum in soybean crop: summary resuits of the 2015/2016 crop

Technical Repol allable . Oct 2016

~

() Mauricio Conrado Meyer - & Hercules Diniz Campos - Claudia VIEIRA Godoy * [ ]+ © Juliatti FERNANDO Cezar

White meld oceurs in the soybean crap in several regions of firazil, but especially in those with average night lemperatures below 20 * C and with
high rainfall frequency in the period between the end of Ihe repreductive phase and the beginning of soybean formation | I is estimaled that
about 23% of the area planted with soybeans in Brazil ts infested by Sclerotinia sclerotiorum, the causal agent of the disease. A hallmark of the._.

View 48 Reads
Efficiency of fungicides for the control of the target spot, Corynespora cassiicola, in the 2015/16 crop: summary results of cooperative trials

Technical Repoit ail i-e} Sep 2016

—_—

A Claudia VIEIRA Gadoy - % Carlos M Utiamada - €} Mawicio Comado Meyer - |.] - §. Ricarda Silveiro Balardin

Viows 46 Reads
Efficiency of fungicides for white mold control {Sclerotinia sclerotiorum) in soybeans, in the 2015/2016 harvest: summary results of
cooperative trials
Techniczl Report Lavailable | Sep 2016
|

) Mauricio Conrado Meyer - { ' Hercules Diniz Campos - B Claudia VIEIRA Godoy <[] wilson § Venancio

White mold is a disease caused by the fungus Scleretinia sclerotiorusn and, according to the tesults of the cooperative lests of chemical contiol
of the last six crops, causes average reductions of 21% in soybean yield. and can reach up 10 70% in some crops isolated {Meyer et al, 2014,
MEYER et al , 20133, MEYER et al., 2015b). According to surveys conducted by CONAB in the 2015716 crop year (CONAB, 2016). and considesin .

Wiy 74 Reads
Efficiency of multisite fungicides in the control of soybean rust, Phakopsora pachyrhizi, in the 2015/16 crop: summary results of cooperative
trials

Technical Repart Aug 20106
Carlos M Utiamada - Mauricio C Engineer Meyer Hercules Diniz Campos - {...] - B Claudia VIEIRA Godoy

View 42 Reads
Efficiency of fungicides for the control of the target spol, Corynespora cassiicola, in the 2015/16 crop: summary results of cooperative trials

Technical Report Aug 2016
JB Claudia VIEIRA Godoy
View 13 Reatls
Efficiency of fungicides for the control of soybean rust, Phakopsora pachyrhizi, in the 2015/16 crop: summary results of cooperative trials,
Technical Repont Aug 2016
£ Claudia VIEIRA Godoy - Catlos Mitinoti Utiamada 3 Mauricio Conrado Meyer - [...] - &} Wilson Venancio

Efficiency of fungicides for the control of soybean rust, Phakopsora pachythizi, in the 2015/16 cron: summary fesults of cooperative trials
Soybesn iust, caused by the fungus Phakopsora pachyrhizi, is one of the most severe diseases affecling soya, with damage varying from 10% to
0% in the different geographic 1egions whete 1t was reported (YORINORI et al., 2005; HARTMAN el al,, 2015). The intial syrmptoms of the disea ..

ey 523 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 Aug 2016

A Claudia VIFIRA Godoy Carlos M Uliamada - (3 Mauricio Conrado Meyer - [...] - {3 Wikson Yenancio

Efficiency of multisite fungicides in the contro! of soybean 1ust, Phakopsora pachyrhizi, in the 2015/16 crop summary results of the cooperative
trials Londrina, PR August, 2016

View 64 Reads
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Mobile Application for Asian Soybean Rust Tracking in Brazil
Cenference Paper
Jul 2016 VIt Workshop on Computing Appled to the Management of the Environment and Natural Resources

1 José Henrigue Debastiani Andreis - @ Felipe Borelia - § Willingthon Pavan - [...] - @ Jose Mauricio Cunha Fernandes

Brazil is the second-largest soybean producer. With the arrival of Asian soybean rust in the Western Hemisphere i 2001, a considerable amount
of resouwrces has been allocated to understand and controd this important yield-limiting disease. Due to its rapid spread, in 2004, the federal
government led an effort to create the Asian soybean rust consaitium, with the main goal of coordinating research activities involving public an..

Wiy 52 Reads

Asian soybean rust in Brazil: past, present, and future
May 2076
f1 Claudia VIEIRA Godoy Claudine Dinali - = Santos Seixas - {..] Access Orlando Amaral

Asian soybean rust, caused by the fungus Phakopsora pachyrhizi, is the most severe disease of the crop and can cause yield losses of up to 90%
The disease was first reported in Brazil in 2001 Emdemics of the disease are common in the country, where the fungus can survive year-round.
Regulatary measures 1o reduce the inoculum between seasons and avoid lale-season soybean have been adopted 1o ymanage the disease. ...

94 Reads

Cooperative assays for biclogical control of white mold in soybean crop - harvests from 2012 1o 2015
Techmzal Report Feb 2016

€} Mauricio Conrado Meyer - £ Hercules Diniz Campos - B Claudia VIEIRA Godoy -~ Carlos Mitinori Utiamada

This technical report summarizes the results of a nationwide network of uniform field trials on the biological control of white mald of soybean
Scleiotiia sclerotiorum) in 8razil Tests were carried out from the 2012 to 2015 growing seasons. Several formulations of Trichoderma spp.,
Bacillus spp. and 3 plant resistance inducer {lignosulfonate) were tested The main conclusion was the potential of some products to reduce th.

Vig 121 Reads
Soybean rust: evaluation of lineage resistance, harvest 2015/2016

ter HH Jan 2016 - Soya: search results 2015/2016.

Leila Maria Costamilan - 5 Paulo Feinando Bertagnolli - (A Claudia VIEIRA Godoy * [. ] " Marcelo Oliveira

The release of soybean cultivars resistant to Asian rust is one of the objectives of Embrapa’s breeding program. As the causal agent of Asian
soybean rust, Phakopsora pachyrhizi, presents great variability, and geographically distant populations can differ in aggressiveness (Yamanaka et
al., 2010; Kato and Yorinori, 2008), local analyzis of effectiveness resistance genes and the behavior of soybean genotypes. Five major resistan. ..

24 Reads
Efficiency of fungicides for control of white mold (Scletotinia sclerotiorum) in soybean, in the 2014/2015 harvest - summary results of
cooperative trials

leciiical Regert Nov 2015
) Mauricio Contado Meyer « 33 Hercules Diniz Campos - B Claudia VIEIRA Godoy - .. ] - & Wilson Venancio

e 276 Rends

Automatic Classification of Soybean Diseazes on Digital Images of Leaf Symptoms
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LeAEHEITIGT FopTr L“ wliFezag ﬂ“"‘-‘"”'-"l-_} UG ZU1D - R BIr22man Lonierence or Agromionnaics

{3} Jayme Garcia Arnal Barbedo - /£ Claudia VIEIRA Godoy

This paper presents an algorithm for automatic classification of diseases that produces symptoms in soybean leaves, The algorithm is based on
digital image processing techniques and on a madified pairwise voting system that yields, a1 its output, the list of diseases with the respective
likelihoods of being present in that leaf. Only color infermation is used, which is done by transforming the original RGB format inlo the HSV, L * .,

View 142 Reads
Efficiency of fungicides for the control of soybean rust, Phakopsora pachyrhizi, in the 2014/15 harvest: summary results of cooperative trials

. L e o
Technical Report | Full-text ava;lahlei Jul 2015

1 3
A Claudia VIEIRA Godoy
Yievs 43 Reads
Efficiency of fungicides for the control of the target spot, Corynespora cassiicola, in the 2014715 crop: summary results of cooperative trials.

oy
Technical Report i Fuil-text avadabls ; Jul 2015

B Claudia VIEIRA Godoy Carlos M Utlamada ) Mauricio Conrado Meyer - [..J- ©  Wilsan 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.

Techaical Report iﬁn_ex_l avallable | Jul 2015
1 ]
A Claudia VIEIRA Godoy - Carlos M Utiamada - &) Mauricio Conrado Meyer - |.]- Wilson § Venancio

S 190 Reacls
TYPES OF RESISTANCE TO Phytophthora sojae IN S0Y LINES OF EMBRAPA WHEAT

Confarence Paper i Full-text avn labde  Jun 2015 - Vil Brazilian Congeess of Soy and Metcosur 2015

Leila Maria Costamilan - Paulo Bertagnoli - Cldugia Cristina Clebsch - ..} - 8 Claudia VIEIRA Godoy

Phytophthora sojae root and slem rot in soyhean, affects planis at any stage of development, The characigiistic symptom is the darkening of the
stem and lateral branches, from below upwairds from the soil ling, with yellowing and wilting of leaves and rotting of the rool system. The most
eflective form of control is the use of resistant soybean cultivars, With complete resistance, ruled by host Rps genes, there is no onset of .

Wi 127 Reads

Brazilian Soybean Pest Management and Threats to its Sustainability
Article Jun 2015

A Claudia VIEIRA Godoy - Adeney de Freitas Bueno Dionisio Luiz Pisa Gazziero

Brazil is expected to harvest 198 65 million tons of grain in 2014715 in an area of 57.08 million hectaies and soybean stands out as the main ciop

sown, The cultivated soybean area has nearly tnipled in the last 20 years, up from 11.6 million hectares in 1994/95 10 31.3 million hectares in

2014/15. One of the main factors for lhe success of soybean crop in Brazil was the development of cultivars adapted 10 fow latitudes {up 1o 0 °)
wy 74 Reads

Photosynthesis of soybean leaves infected by Corynespora cassiicola and Erysiphe diffusa

fsticle Jun 2015

Sheila Ariana Xavier Flavia Elis de Mello - (3 Marcelo Giovaneiti Cantert - /8 Claudia VIEIRA Godoy

The visual estimaie of the severity of plant diseases does not always corelate with the effect of this on the photosynthetic aciivity of the host
The objective of this work was to evaluate the interference of the fungi Corynespora cassiicola and Erysiphe diffusa, cause of the target spot and
the powdery mildew in soybean, respectively, on the photosynthetic efficiency of infectled leaves, Photosynthesis was related to the diseased le |

Vievs 29 Readls
Efficiency of fungicides for white mold control (Scleratinia selerotiorum) in soybean, in the 2013/2014 harvest - summary results of
cooperative trials.

Technical Rejiost Feb 2015

) Mauricio Conrado Meyer - ' Hercules Diniz Campos - B Claudia VIEIRA Godoy <[] Wilson § Venancio

Efficiency of fungicides for control of white mold (Sclerotinia sclerotiorum) in soybean, in the crop 2013/2014 - summary results of the
cooperaiive trials Soybean is one of the main summer crops of Brazilian agricultural praduction that cultivates the second largest area of the
ailsead , with 30.1 million hectares sown in the crop year 2013/2014 {CONAB, 2014). Soybean diseases represent an important restriction facto

View 75 Reads
Efficiency of fungicides for white mold control {Scleratinia scleratiorum) in soybean, in the 2013/2014 harvest - summary results of
cooperative trials.

Technical Repart Feb 2015

) Mauricio Contado Meyer - - Hercules Diniz Campos - B Claudia VIEIRA Godoy - | ] Wilson S Venancio
ﬂﬁmency of funglmdes for control of white mofd {Scleratinia sclermmmm) in soybean in the crop 2013/2014 - suimmary results of the
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cooperatve U1als HoyDean IS one of The Mai Summer ciops of Brazilian agricultural production that cuitivates Ine second largest area of ine
ilseed , with 30.t million hectares sown in the crop year 201372014 (CONAB, 2014). Soybean diseases represent an impartant restriction facto...

186 Reads
Meta-Analysis of the Relationship Between Crop Yield and Soybean Rust Severity

t Sep 2014

 Felipe Daila Lana - @ Patricia Ziegelmann - @ Aline De Holanda Nunes Maia - ...} - g Emerson M Del Ponte

(¥, kg / ha) and 1ust severity {S,%) data from uniform fungicide trials (study, k) conducted over nine growing seasons in Brazil - For each selected
study, correlation (k = 231) and regression analysis (k = 210) for the YS relationship were performed and three effects were oblained from these
analyzes. Fisher's transfarmation of Pearsan's correlation coefficient (Zr) and the intercept p0) and slope {B1) coefficients. These effects-sizes .

WView 142 Reads
Efficiency of fungicides for the control of the target spot, Carynespora cassiicola, in the 2013/14 crop: summary results of cooperative trials

Y = ... 1
Technical Repari | Fuil-text avaitable | Aug 2014
H
£ Claudia VIEIRA Godoy - - Carlos Mitinori Utlamads - ) Mauricio Conrado Meyer -] £3 Wilson Venancia
[fficiency of fungicides for the control of the target spot, Corynespora cassiicola, in the 201 3/14 crop: summary results of cooperative trials

Wiew 435 Reads

Efficiency of fungicides for the control of soybean rust, Phakopsora pachyrhizi, i the 2013/14 harvest: summary results of cooperative trials
I Aug 2014
£ Claudia VIEIRA Godoy :ailos Mitinori Bliamada - ) Mauricio Conrado Meyer - [...] - 3 Wilson Venancio

Efficiency of fungicides for the contial of soybean rust, Phakopsora pachyrhizi, in the 2013714 harvest: summary resulis of cooperative rials

Vio 1,279 Reads
Evaluation of virulence of Phakopsora pachyrhizi monourediniais isolates collected in Brazil

Conference Paper ! 3t Aug 2014 - 47 Brazilian Cangress of Phytopathology

Luana Mieko Darben A. Yokoyama - TR Parmezan - 1. ] @ Francismar Marcelino Guimaraes

Phakopsora pachyihizi monecurediniais 1solates collected in Brazil Asian soybean rust {ASR) caused by the obligate biotrophic fungus Phakopsora
pachyrhizi is a major disease limiling soybean production in many producer areas in the wiald. Thus, knowledge of the spectrum of virulence in
populations of P pachyrhizi 1s essential fo hreeding programs can perfoim an efficient strategic planning against the fungus thar causes ASR.

Jiawe 42 Reads
Efficiency of fungicides for the control of the targel spot, Corynespora cassiicola, in the 2013/14 crop: summary results of cooperative trials

Technical Repnet Jul 2014
B Claudia VIEIRA Goday

e 83 Reads

Mycelial campatibility and aggressiveness of Scleratinia sclerotiorum isolates from Brazil and the United States

cha Apr 2014

Lucimara Junko Koga - &7+ CR Bowen - B Claudia VIEIRA Godoy ‘{..] GL Hartman

The objective of this work was to evaluate the genelic diversity among Scleratinia sclerotiorum isolates from Brazil and the USA, assess their
aggressiveness variability, and venfy the existence of an isolate-cultivar interaction. Isolate vasiability was determined by myceliat compatibility
growiping (MCG), and isolate aggressiveness by cut-stem inoculations of soybean cultivars Twa experiments for MCGs and 1wo for

Vi 36 Reads
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Cooperative assays of chemical control of white mold in the soybean crop: harvests 2009 to 2012.
Book Mar 2014 - Emtlwapa Soybean
€) Mauricio Corrado Meyer - - Hercules Diniz Campos - 8 Claudia VIEIRA Godoy Carlos Mitinori Litiamada

Vievy 75 Reads

Sensitivity of Corynespora cassiicala from soybean to carbendazim and prothioconazole
Article Oct 2013

Sheila Aiana Xavier - Y Marcelo Giovanelti Canteri - ' Dalane CM Barros - 83 Claudia VIEIRA Godoy

The incidence of spot spot disease on soybean has increased in recent years in Brazil even with intensive use of fungicides, and fungal resistance
has been reported in recent sludies. The abjective of this study was to determine the fungicide sensilivity to carbendazim and prothioconazole in
a sample of 24 isclates of Corynespora cassiicala from soybean collected from 1996 ta 2011 i the states of Parand, Mato Grosso and S3o Pa. ..

View 186 Reads

Pathogenic diversity of Phytophthora sojae pathotypes from Brazil
Arlicie Apr 2012

. Leila Maria Costamitan - & Claudia Crigtina Clebsch - G Rafael Moeira Soares - [} - 4 Anne Dorrance
Phytophthara root and stem rot have develaped in commercial soybean fields since 2006 in Brazil, and cultivars with resisiance 10 this disease
have not been targeted for this region. Thus, the Phytophihora sojae pathotypes are expected 1o have virulence 1o few if any of the Rps genes.
Fhe objectives of this study were 1o characterize the pathotype diversity of P. sojae in Brazil, determine the distribution of the pathogen and
Viewvr 101 Reads
Risk and management of fungicide resistance in the Asian soybean rust fungus Phakopsora pachyrhizi

Articla H-enl ava

Dec 2011
B Claudia VIEIRA Godoy
View 220 Reads

Relations of cause and effect among environmental conditions, airhorne urediniospores and asian soybean rust severity
Ariicle  Jul 2011

;¥ RM Mesquini - © Rafael Augusto Vieira - (# Kétia Regina Freitas Schwan-Estrada - B Claudia VIEIRA Godoy

The objective of this wotk was 10 study the relationships among environmental conditions, airbome urediniospores of P pachyrhizi and the Asian
soybean rust (ASR) severity. To quanlify airborne uiediniospores, collectors were installed in soybean fields in hambé and Mandaguari, PR.
Severily assessments were conducted and climatic dala were collected in the two locations. The variables elaborated were: number of days wit

View 4 Reads
Cause-and-effect relationships between environmental conditions, uredinidspores and soybean rust severity of soybean rust severity

Adticle !E—-‘;ﬂ available | Jun 2011

* RM Maesquini - & Rafael Augusto Vieira - (} Katia Regina Freilas Schwan-Estrada - & Claudia VIEIRA Godoy

ABSTRACT: The abjective of this work was 10 establish relationships between environmenial conditions, the number of urediniospores of
Phakopsora pachyrhizi and the severity of saybean-rust. To quantify P. pachyrhizi uredynospores, collectors were installed in soybean fields in
ftambé and Mandaguari, PR, Severity assessments were performed and climatic data were collected at both sites. The variables elaborated wer

View 33 Reads
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A new chitinase-like xylanase inhibitor pratein (XIP) from coffee (Coffea arabica) affects Soybean Asian rust {Phakopsora pachyrhizi) spare
germination

el Feby 2011

& Erica AR Vasconcelos - 25 Celso G Santana - /A Claudia VIEIRA Godoy - [..] - £ Maria Fatima Grossi-de-Sd

Asian rust (Phakopsora pachyrhizi} is a common disease in Brazilian soybean fields and is difficull to control. To identify a biochemical candidate
with potential to combat this disease, & new chitinase-like xylanase inhibitor protein (X1P) from coffee (Colfea arabica) (CacIXIP} leaves was
cloned into the pGAPZa-B vector for expression in Pichia pastoiis. A cDNA encoding a clitinase-like xylanase inhibitor protein (XIP) from coffee. .

s 88 Reads
Development of sclerotium rolfsii sclerotia in soybean, corn and wheat straw under different temperatures and soil moisture

licle Jan 2011

Vietor dos Reis Pinheiro - . Claudine Seixas - (£ Claudia VIEIRA Godoy - [+ | A preview of what LinkedIn members have 1o say about
Alvare:

The abjective of this work was 1o evaluate the effect of moisture and ternperature on the development of Scleralium rolfsii on soybean, corn, and
wheat straw, Wheat stiaw preduced the lowest number of scleroua. Intermediate soil moisture level {(70% of field capacity), and temperatures
ranging between 25-30 o C favared sclerotia development. In the sclerotia were formed at temperatures between 30-35 o C, on any type of straw

Wiz 23 Reads

Role of Host-ptant Resistance and Disease Development Stage on Leaf Photosynthetic Competence of Soybean Rust Infected Leaves
cl Nov 2010

Saratha Kumudini - 18 Claudia VIEIRA Godoy - - B. Kennedy -| ]~ £} Denald E Herstunan

Host-plant 1esistance is kiows 10 1educe fungal growth of Phakospora pachyrhizi Syd. & P Syd., The causal agent of soybean 1ust (SBR) in
saybean (Glycine max L. Mair). This disease has been shown to seduce soybean leaf photosynthesis in susceplible soybean plants. Since
resistant lines have reduced fungal growth, the resistance genes may pratect these plants againstnjury to leaf photosynthesis. The objectives ..

63 Reads

Relationships ameng disease intensity, canopy reflectance and grain yield in the Asian soybean rust pathosystem
Article Mar 2010

Marceli Hikishima - (Y Marcelo Giovanetti Canteri - 8 Claudia VIEIRA Godoy - [.}: ~ J Da Silva

The objective of this study was 10 develop yield equations for the Asian soybean rust pathosystem and 1o verify the potential use of measures of
reflectance 1o quantify vield due 10 this disease, The experiments were carried out in Londrina, PR, in the 2005/2006 and 2006/2007 growing
seasons. The results were repeated al different sowing dates. in arder 10 obtain variable disease inlensity at different phenalogical stages of th

29 Reads

Development of Sclerotium rolfsii sclerotia on soybean, corn, and wheat straw, under different soif temperatures and contents
hrticle Mar 2010
Victor dos Reis Pinheiro - - ™ Claudine Seixas - (8 Claudia VIEIRA Godoy + [ A preview of what Linkedln members have lo say about
Alvaro:

The objective of this work was 1o evaluate the effect of moisture and iemperature on the development of Sclerolium roffsii on soybean, corn. and
wheat straw. Wheat straw produced the lowest number of sclerotia. inteimediate soil nioisture level (70% of field capacity), and temperatuses
ranging between 25-30°C favored sclerotia development. The objective of this work was to evaluate the effect of soil moisture and temperature...
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4.3 Hedik
Scientific Notes Development of Scleroatium rolfsii sclerotia on soybean, corn, and wheat straw, under different soil temperatures and contents

Article Jan 2010

Victor Bos - Reis Pinheiro - 9 Claudine Seixas <[]+ Rodrigues Almeida

The objective of this work was to evaluale the effect of noisture and temperature on the development of Sclerotium rolfsii on soybean, corn, and
wheat straw, Wheat straw produced the fowest number of sclerctia. Ittermediate soil moisture level (70% of field capacity), and temperatures
ranging between 25-30 o C favored sclerotia development. [n the sclerotia were formed at temperatures between 30-35 o C, on any type of sira..

Yiew 47 Reads

influence of the luminosity and the epicuticular wax layer of soybean leaf surfaces on Phakopsora pachyrhizi infection
futicle Oct 2009

& Gleiber Quintdo Futado - § Silvio AM Alves - B Claudia VIEIRA Godoy - [...] - ©  Nelson Massaota

The Asian rust, caused by the fungus Phakopsora pachyrhizi, is one of the most serious phytosanitary problems of soybean cultivation in Brazil,
mainly because there are no cultivars with satisfactory levels of 1esistance. The objective of this work was 1o sludy the influence of the luminosity
and the wax layer of leaf suifaces on P. pachyrhizi infeclion ol saybean leaves. The adaxial or abaxial surface of leaflets of the first plant trifoliu

95 Reads

Diagrammatic scale for severity evaluation of soybean target spot
At Dc12009

§ Rafael Moreita Soares - (B Claudia VIEIRA Godoy Maria Cnistina Neves De Oliveira

Soybean taiget spot, caused by Corynespora cassiicola, is found in practically all soybean growing regions in Brazil and it can cause economic
losses The ohjective of this work was to elaborate and validate a diagrammatic scale 1o evaluale soybean target spot seventy. Soybean leaflets
with disease symptoms were collected and severlty was measured, determining the minimum and maximum limits and the intermediate levels

NI A5 Reads

Influence of light and leaf epicuticular wax layer on Phakopsora pachyrhizi infection in soybean
Article Oct 2009

& Gleiber Quintdo Furtado - § Silvio AM Alves - 8 Claudia VIEIRA Godoy - [..] - | Nelson Massola

Asian rust, caused by the fungus Phakopsora pachyrhizi, is one of the most serious phytesanitary problems of soybean in Brazil, especially
because no cultivars with satisfactory resistance levels exist yet. The cbjective of this study was to evaluate the influence of luminosity and
epicuticular leaf wax on the infection of soybean by P pachyrhizi. The adaxial and abaxial leaflet surfaces of the first trifoliate leaf from cultivar.
rew 41 Reads
Quantitative review of fungicide efficacy trials for managing soybean rust in Brazil

Atbcle  Sep 2009

H_Scheim - Rock SC Chustiano - @ Paul Esker - | | - ‘B Claudia VIEIRA Godoy

with the arrival of Asian soybean rust {caused by Phakopsora pachyrhizi) in the Western Hemmisphere in 2001, field reseaich to optimize chemical
control of this important yield-limiting disease has proliferated. We present a meta-analytical synthesis of the results of 71 uniform fungicide
trials containing 930 entries (specific fungicidal treatments) conducted in Brazil from 2003/2004 to 2006/2007. Qur objectives were10: (1)

View 453 Reads
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Diagrammatic scale for assessing the severity of the soybean target spot
Article | Full-text available | Sep 2009

G Rafael Moreira Soares - (8 Claudia VIEIRA Gadoy - . Maria Cristina Neves De Oliveira

Soybean targel spot, caused by Corynespora cassiicola, is found in practically all soybean growing regions in Brazil and it can cause economic
losses. The objective of this work was to elaborate and validate a diagrammatic scale to evaluate soybean target spot severity. Soybean leaflets
wath disease symptoms were collected and severity was measured, determining the minimum and maximum limits and the intermediate levels ...

Wiy 11 Reads
Diagrammatic Scale for Assessment of Septoria apiicola and Cercospora arracacina in Arracacha
Articke i-1ext availabl Aug 2009

RM Mesquini - { J} Katia Regina Freilas Schwan-Estrada - ‘8 Claudia VIEIRA Godoy ' [ ..] - € Maria do Carmo Vieira

Leaf spots, caused by the fungi Septoriaapiicola and Cercosporaarracacing, are among the most serious leaf diseases that affect arracacha.
Since standardized methods for disease evaluation are necessary, this work propases a diagrainmatic scale for assessment of these diseases.
Leaves presenting different severity levels were collected and the minimum and maximum severity limits were determined. The intermediate

W 56 Reads

Influence of soybean phenological stage and leaflets on infection by Phakopsora pachyrhizi
Adticle Apr 2009

& Gleiber Quintao Furtade - § Silvio AM Alves - | Luciana C. Carneiro - [ - Melzon Massola

This work was conducled to siudy the influence of soybean growth stage and leal age on the infection of Phakopsora pachyrhizi, the soybean
rust pathogen, Soybean plants {cv. BRS 154 and BRS 258} at the V3, R1 and RS growth stages wete inoculated with 1 » 105 urediniospores per
mL suspension. After a period of 24 hours in dew chambers, alk plants were remaved from the chambers and placed under greenhouse conditio

25 Reads
Fungicides Associated with Two Adjuvant Formulations for Preventive and Curative Soybean Rust Contrel
Mar 2009
OC Ferguson JR Yowell - @, Louise .. May-De Mio [...] SW Dean

This two-year study aimed to measure the ¢{fect of three different fungicide formulations in order to control soybean 1ust (Phakopsora
pachyrhizi). This study also measured the elfect of countrolling soybean rust by adding a fixed concentration, 1% v / v of twi adjuvants inko the
three fungicide formulations and then varying the concentration of the two adjuvants at 0.5, 1.0, and 1.5% into a tebuconazole {ormulation only. ..

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-dext avail Feb 2009

£ Claudia VIEIRA Godoy Allan Misael Flausino -~ Leandro CM Santos - ' Emerson M Del Ponte

In order to study the efficiency of soybean rust control as a function of timing, trials were conducted in Londrina, PR, Brazil, dusing the 2005/06
and 2006/07 seasons. The mixture of 60 g azoxystrobin ha-1 + 24 g ciproconazole ha-1 was applied at different phenological stages, starting
from R2 to R5.5, in single and sequentiat applications. The severity was estimated periodically for the calculation of the area under the disease...

Viovs 84 Reads
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Asian soybean rust contro! efficacy as a function of application timing under epidemic conditions in Londrina, PR
Artiche Feb 2009

B Claudia VIEIRA Godoy Allan Misael Flausing Leandro CM Santos - i3 Emerson M Del Pante

Fungicide tiials were carried out in Londrina, PR, Brazil, during the 2005/06 and 2006/07 growing seasons with the objective of evaluating the
efficacy of fungicide in Asian soybean rust control at different application times. The premix of 60 g azoxystrobin ha-t + 24 g cyproconazole ha-1
was applied to different growth stages starting at R2 up to R5 5, and compared 10 two applications at R2 and R5.1. Following disease onsel,

View 21 Reads
Efficient control of Asian soybean rust in the light the time of application under epidemic conditions in Londrina, PR

Article  _fan 2009

{0 Claudia VIEIRA Godoy - Allan Misael Flausing LCM Santos - i Emerson M Del Ponte

Fungicide trials were carried out in Londrina, PR, Brazil, during the 2005/06 and 2006/07 growing seasons with the objective of evaluating the
efficacy of fungicide in Asian soybean rust control at different application times The premix of 60 ¢ azoxystrobin ha-1 + 24 g cyproconazole ha-1
was applied to different growth stages starting at R2 up to R5.5, and compared to two applications at R2 and R5.1. Following disease onset,

Wiews 5 Reads
Influence of angular spot severity on photosynthetic efficiency of healthy leaf area of comman hean under field conditions

Allicle Jan 2009

M Matcelo Giovanetti Canteri - ‘8 Claudia VIFIRA Godoy

This paper aims Lo show the relationship amaong leafy leaves, angular leaf spol severily and bean yield, under field conditions, indicating the
influence of this relationship on photosyntheus efficiency of leaf tissue remaining oo plants. Leaf area and severity of angular leaf spot
[Phacaisanopsis griseola (Sace.} Fetraris] of bean were weekly assessed, beginiung at 30 days after emergence ([1aE]. Different levels of severi

S 130 Reads
Relationship among measures of reflectance and [eaf health, soybean rust severity and soybean yield Relationship between measures of
reflectance and healthy feaf area, severity of Asian rust and soyhean crop productivity

At Jan 2009

Lucimara Koga - (Y Marcelo Giovanetti Canteni - B Claudia VIEIRA Godoy

‘The aim of this reseaich was to verily if some measures of 1eflectance could datect variations in the healthy leaf area which could be used as
paratneter to estimate damages in the praduction due to soybean rust, and to determine the influence of the disease i photosynthetic efficiency
of plants under field conditions. The experiment was lead in the experimental area of Embrapa, in Londiing, PR. The experimental design was.

Fuiy 145 Reads
Mechanisms Involved in Soybean Rust-Induced Yield Reduction

Artah ! Nov 2008

Saratha Kumudini - 8 Claudia VIEIRA Godoy - €9 James Board [} Mattlnjs Follenaar

Soybean rust {SBR; caused by Phakopsora pachyrhizi Syd. And P Syd.} Leads to premature leaf loss and yield reduction. The objectives of this
study were to assess the effects of SBR infection on soybean [Glycine max (L ) Merrill] vield and 10 identify causes for the yield reduction.
Experiments were conducted in the 2005-2006 and 2006-2007 growing seasonis at L ondrina, Brazil. The five treatinents were SBRinfection...

68 Reads
Seed treatment and foliar application of fungicides for the control of soybean rust

Oct 2008

A Claudia VIEIRA Godoy - 7 Adermnir Assis Henning

The objective of this woik was 10 evaluate the eflect of soybean seed trealmend wiit: {l uguinconazole and foliar lungicide application on soybean
st managernent, in three sowing dales, duting the 2007/2008 growing season, in Londnna, PR, Brazil. The experimental design was &
randomized complete block, with a factorial arrangernent of 2x5 (with two treatimens of seeds with fl uguinconazole, and leaf foliar fungicide

Wi 48 Reads
Seed treatment and foliar fungicide application to control saybean rust

Aticle Oct 2008

A Claudia VICIRA Godoy - € Ademir Assis Henning

The objective of this work was to evaluale the elfect of soybean seed treatment with fluquinconazole and fohar fungicide application on soybean
rust management, in three sowing dates, during the 2007/2008 grawing season, in Londring, PR, Brazil. The experimental design was a
randomized complete block, with a factorial arrangement of 2x5 (with two treatments of seeds with fluquinconazole, and five fohiar fungicide ..

157 Reads
Genetic control of soybean (Glycine max) yield in the absence and presence of the Asian rust fungus (Phakepsora pachyrhizi)

A Mar 2008

Aliny Simony Ribetro - 78 José Francisco Ferraz de Toledo - Carlos Aurabal Arias - [.] - Marcelo Oliveira

Soybean is one of the most important crops in Brazil and continuously generates demands for production technologies, such as cultivars
resistant to diseases. {n recent years, the Asian rust fungus (Phakopsora pachyrhizi Syd. & P. Syd 1914) has caused severe yield losses and the
development of resistant cultivars is the best means of control. Understanding the genelic control and estimating paiameters associated with

View 39 Reads

Chemical control of Asian soybean rust in southern Parand
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Arti Oct 2007

% Emerson Fabio dos Reis - Vismar da Costa Lima Neto - B Claudia VIEIRA Godoy -[..] - Nilson Gongalves Vicente

The Asian 1ust of soybean, caused by the fungus Phakopsora pachyrhizi, is a 1ecent problem in Biazil, which can lead to premature loss of leaves
and consequent reduction of praductivity. In view of the inexistence of resistant cultivars, chemical control is currently the most imporiant
alternative for controlling the disease. The objective of this work was 1o test two active fungicides and five application times for the control of .

View 42 Reads
Relationships between measures of reflectance and health leaf area, soybean rust severity and soybean yield

Article | Fulltext availtable | Qet 2007

Lucimara Koga - () Marcelo Gievanetti Canteri - 8 Claudia VIEIRA Godoy

The aim of this research was to verify if some measures of reflectairce could detect variations in the healthy leaf area which could be used as
paramelter 1o estimate damages in the praduction due 1o soybean rust, and to determine the influence of the dizease in photosynihetic efficiency
of plants under field conditions. The experiment was lead in the experimental area of Embrapa, in Londrina, PR. The experimental design was..

View 11 Reads
Distinct Biphasic mRNA Changes in Response to Asian Soybean Rust Infection

Article | Fuli-text avasi-a'nle_} Sep 2007

€ Martijn van de Mortel - 3 Justin Recknor - {i Michelle Graham - [} - 3 Steven A Whitham

Asian soybean rust (ASR), caused by Phakopzora pachyrhizi, is now established in all major soybean-producing countries, Currently, there is little
information about the malecular basis of ASR-soybean interactions, which will be needed to assist future efforts to develop effective iesislance.
in the present study, it was found that soybean mRNAs weie measured on a 7-day ASR infection time course in mock-inacutated and infected .

36 Reads
Relation hetween measures of reflectance and healthy leaf area, severity of Asian rust and soybean crop productivity

Aug 2007

Lucimara Koga - (Y Marcelo Giovanetti Canteri - B Claudia VIEIRA Godoy

The aim of this research was to verify if some measures of reflectance could detect variations in the healihy leaf area which could be used as
parameler to estimate damages in the production due to soybean rust, and o determine the influence of the disease in photosynthetic efficiency
of plants under field conditions. The expenment was lead in the expenimental area of Embrapa, in Londiina, PR The experimental design was...

Wi 62 Reads
Effects of location and year on the temperal disease progression of Asian soybean rust in Brazil

Articie Bl 2007
¥ Paul Esker - 3 Emerson M Del Ponte MC Martins - |...| - B Claudia VIEIRA Godoy

8 Reads
Evaluation of monocyclic parameters and intensity of the Asian soybean rust (Phakopsora pachyrhizi] in both several soybean genotypes and
canopy position

Arlic Jun 2007

Elisandra Batista Zambenedeiti - 2 Edvardo Alvas - § Edson PFozza - .| - B Claudia VIEIRA Godoy

Soybean rust caused by the fungus Phakopsora pachyrhizi, has baen known to drastically reduce yiclds, Diverse studies ate now in progiess, 1o
search information on the genetic resistance of culivar curently planted. The cbjective of this siudy was to evaluate both incubation and latent
period and the progress of soybean rust on several genotypes and three canopy position in greenhouse. The cultivars used were Uirapury, BRS ..

Vi 17 Reads

Genetic control of Asian rust in soybean
Arlic Jan 2007

Aliny Simony Ribeiro View Full Profile - - Pedro Henrique Braga Pierozzi - [...] - /B Claudia VIEIRA Godoy

The objective of this study was to investigale the genetic mechanisims of soybean resistance to Asian rust {Phakopsora pachyrhizi Syd. & P. Syd).
F2 and F3 generations from 15 diallel crosses involving six soybean cultivars, FT-2, EMBRAPA 48, BRS 154, BRS 184, BRS 214, BRS 231, were used
to analyze the genetic control of Asian rust resistance in the soybean parents tested. Genetic models were fitted to means and variances of the__.

31 Reads
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Madels and Applications for Risk Assessment and Prediction of Asian Soybean Rust Epidemics
Article Fz!i-l(ﬁ:l avallable | Dec 2006
£} Emerson M Del Ponte - 8 Claudia VIEIRA Godoy - ) Marcelo Giovanetti Canteri-[..]-  XB Yang

Asian rust of soybean [Glycine max (L.) Merril] is one of the most important fungal diseases of this crop worldwide. The recent introduction of
Phakopsora pachyrhizi Syd. & P. Syd in the Americas represents a major threat to soybean production in the main growing regions, and significant
losses have already been reported. P pachythizi is extremely aggressive under favorable weather conditions, causing rapid plant defoliation. ...

View 95 Reads

Predicting Severity of Asian Soybean Rust Epidemics with Empirical Rainfall Models
Aricle Jul 2006

‘3 Emeison M Del Ponte - i Claudia VIEIRA Godoy - X.Li-  XB Yang

ABSTRACT Altheugh Asian soybean rust occurs in a broad range of environmental conditions, 1he mosl explosive and seveie epidemics have
been reported in seasons with warm temperatures and abundam moisture. Associations between weather and epidemics have been reported
previously, but attempts Lo identify the major factors and model these relalionships with fiebd data have been limited 10 specific locations. Usin

iy 132 Reads

Diagrammatic scale for assessment of soybean rust severity
Artiche Feh 2006

A Claudia VIEIRA Godoy - Lucimara Koga - ) Marcelo Giovanetti Canter

A diagrammatic scale to assess soybean (Glycine max) rust seventy, caused by the fungus Phakopsara pachyrhizi, was developed in this study
Leaflets showing ditferent severity levels were collected fur determination of the minimum and maximum severity limits; intermediate levels wete
determined according to "Weber-Fechner's stimulus-response law™. The prapased scale showed the levels of 0.6; 2; 7; 18, 42, and 78.5%. Scale

View 140 Reads
Evaluation of tolerance of soybean cuitivars to Asian rust in western Bahia

Artcle Dec 2005
{} Ana Oliveira A& Claudia VIFIRA Godoy -~ Monica [ ] MC Rating

The use of tolerance as a form of contrel for soybean rust can be a viable alteinative, since qualitative resistance has been shown 1o be unstable
in function of fungal variability This trial was carried out in western Bahia in 2003/04, with \he objective of assessing the tolerance of the main
soybean (Glycine max) cultivars used in the area, Four early malunty cultivars (MG / BR 46 (Conquista), Emgopa 315, BRS Cornisco and M-S0Y

View 217 Reads
Tolerance assessment of saybean cultivars to Asian rust caused by Phakopsara pachyrhizi in western Bahia
Aaticte Dec 2005

{} Ana Oliveira - ‘8 Claudia VIEIRA Godoy * | Ménica C Marlins

View 14 Beads
A system to map risk of infection by Phakopsora pachyrhizi for Parana State, Brazil

Article  Jun 2005
€} Marcelo Gigvanetti Canteri Faulo Henrique Caramori - () Rodiigo Yoiti Tsukahara - { ]+ 8 Claudia VIEIRA Godoy

View 15 Reads
Predicting regional Asian soybean rust outbreaks in Brazil and Scuth Africa

Article _Jun 2065
3 Emerson M Del Ponte - (8 Claudia VIEIRA Godoy -~ E.DuPreez-[.] X. Yang

View 3 Reads
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Epidemics of Soyhean Rust (Phakopsora pachyrhizi) in Brazil and Paraguay from 2001 te 2003
Asticle Jun 2005

JT Yorinon WM Paiva - 5} RD Frederick [..]- "' J. Jr. Nunes
In 5 March 2001, a severe rust outbreak was recorded at Pitapd, Parzguay, and the causal organism was determined to be Phakopsora pachyrhizi
using polymerase 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 Reads
Influence of angular spot severity on the photosynthetic efficiency of healthy leaf area of common bean under field conditions

wthele Apr 2005
) Marcelo Giovanetti Canteri - (8 Claudia VIEIRA Godoy
The cbjective of this work was to demonshate the relationship between healthy leaf area, angular leaf spot severity and bean yield, in
experimental plots under field conditians, indicating the influence of 1his relation on the photosynthetic efficiency of leaf tissue remaining in the
plants. Foliar area and severity of angular leaf spot (Phaeoisariopsis griseola (Sacc. Ferraris) were evaluated weekly, beginning 30 days after .,
View 38 Reads
Effect of the severity of powdery mildew and leaf blight of cercospora on soybean yield

Article Qct 2004

B Claudia VIEIRA Godoy - ) Marcelo Giovanetti Canter:

plots Powdery mildew and cercospora blight wera the predominam diseases in these trials. Disease seventy ai R6 (pods with full sized green
beans) and R7 {(pods yellowing, 50% of leaves yellowing) presented a significant negative linear cotrelation with yield. The relationship between
the disease progression curve {AUGPC) and healthy leaf area duration {HAD) and yields were investigated. The AUDPL presenied a negalive...
Viow 206 Rieads
Effect of powdery mildew and cercospora blight severity on soybean yield

Article Jul 2004

£ Claudia VIEIRA Godoy - ) Marcelo Giovaneiti Canteri

Field tials were carried out in 2002/03, with soybean (Glycine max) cultivars BRS 133 and BR 16, to evaluate the effect of foliar diseases on yield.
The experimental design was complete randomized blocks with six treatments (different levels of disease) and four replications with plots of 18
m2. Different times and numbers of applications of fungicide (difenoconazole + propiconazole) were used to generale a disease giadient, .

27 Reads
Prolective, curative and eradicating effects of fungicides on the control of soybean rust caused by Phakapsora pachyrhizi, under greenhouse
conditions

Feb 2004

A Claudia VIEIRA Godoy - ) Mareelo Giovanetti Canteri

The protective, curative angd eradicating effects of systemic fungicides (azoxystrobin 50 g ai / ha + nimbus 0).5%, cathendazin 250 g ai / ha,
tebuconazole 100 g ai / ha, difenoconazole 50 g ai / ha and epoxiconazele 25 g ai / ha + pyraclostrobin 66.5 ¢ ai / ha) were evaluated in soybean
plants (Glycine max) inoculated with ureddsporos suspension of Phakopsora pachyrhizi, under greenhouse conditions. To evaluate the protecti...

Ve 1,338 Reads
Protective, curative and eradicative effects of fungicides to control soybean rust caused by Phakopsora pachyrhizi, in greenhouse.

Articie | Full-text avaliaible | Nov 2003
A Claudia VIEIRA Godoy - €Y Marcelo Giovanetti Canteri

Protective, curative and eradicating effects of systemic fungicides (azoxystrohin 50 g ai / ha + nimbus 0 5%, catbendazin 250 g ai / ha,
tebuconazole 100 g ai / ha, difenoconazole 50 ¢ ai / ha and epoxiconazole 25 g ai f ha + pyraclostrobin 66.5 ¢ ai / ha) were evaluated in soybean
(Glycine max) plants inoculated with a urediniosporal suspension of Phakopsora pachyrhizi, in greenhouse. To evaluate the protective effect of...

R 24 Reads

Temporal progress of southern rust in maize under different environmental conditions
Article Fﬁhem available | Jun 2003

£i Claudia VIEIRA Godoy - 8 Lilian Amorim -~ Armando Bergamin - [...] Berger Richard D

The progress of the severity of southern rust in maize (Zea mays) caused by Puccinia polysora was quantified in slaggered plantings in different
geographical areas in Brazil, from Oclober to May, over two years (1995-1996 and 1996-1997). The logistic model, fitted 1o the data, better

daarribed the direass nrnnraes rurves than the Gomnart7 madal Foar rnmnnnmsYNGENTﬁqu“mITdTossa-|'!u

https /Awww. researchgate.net/profile/Claudia_Godoy2

89 of 728 SYNGENTA v. UPL, PGR2023-00017

Claudia VIEIRA Godoy | PhD | Brazilian Agnicultural Research Corporation (EMBRAPA), Brasilia | Embrapa | Embrapa Soybean | R14 4

1517



A8 Claudia VIEIRA Goday | PhiD | Brazilian Agrniculiural Research Corporation {EMBRAPA), Brasilia | Embrapa | Embrapa Soybean | R145

EE i e ke I P AR IRANE i A AR A EPEE LA ¥ S eE LT g R TR AAS AP R e e e AT e WATE GRS R AARSORS TLre 1S RSN AN N G h sty

s 33 Reads
SASM-AGRI -SYSTEM FOR ANALYSIS AND MEAN SEPARATION IN AGRICULTURAL ASSAYS USING SCOTT-KNOTT, TUKEY AND DUNCAN
METHODS

Articlo i fFulldex available | Dec 2001

() Marcelo Giovanetti Canteri -~ Rémulo A, Althaus - 7P Jorim Sousa Viigens Filhe [+ 8 Claudia VIEIRA Godoy

ABSTRACT: Statistical methods usually used in agricultural assays of grouping means present ambiguity of 1the results. The presen work had an
objective to develop a system to analyze and separale means using ihe Scoti-Knott test, besides Tukey and Duncan lests. The SASM-Agri was
developed with Borland Delphi to platform PC, compatible with Windows 98 or above, and allows for impert data and export results for other

i 385 Reads

Changes in photosynthesis and transpiration of corn leaves infected by Phaecsphaeria maydis

Article | Full-text avaitabie | Jun 2001

R Claudia VIEIRA Godoy - € Lilian Amonim Armando Bergamin

The effert of Phaeosphaeria leal spot caused by Phaeasphaeria maydis an the net rale of photosynthesis and transpiration of comn leaves (Zea
mays) was evaluated in the field in thiee hybrids and one maize stramn. The net rate of pholosynthesis was related to disease severity by the
model Px / Po = (1-x} b, where Px sepresents the net photosynthetic rate of leaves wilh disease severity x (in propoition), Pe represents the

113 Rends
Changes in photosynthesis and transpiration of maize leaves infected with Phaeosphaeria maydis

Al Jun 2001

£ Claudia VIEIRA Godoy - @ Lilian Amotim - © . Anmando Berganin

The effect of Phaeosphaeria leaf spot caused by Phaeosphaeria maydis an the net rate of photasyathesis and transpiration of corn leaves {Zea
mays) was evaluated in the field in three hybrids and one maize strain. The net rate of photasynthesis was related 1o disease severity using the Px
/ Po = (1-x) beta model, where Px represents the net photosynthetic 1ate of leaves with disease sevenity x (in pioportion), Po represents the

&7 Reads
Effect of common bacterial blight in the photosynthetic efficiency and in the yield of common bean

ticle Mar 2008
CECILIA G. DIAZ - € RB Bassanezi - -8 Claudia VIEIRA Gedoy <[]+ Armando Bergamin

L Jljllll.l
Quantification of the effect of common bacterial blight on photosynthelic efficiency and production of common bean

ticle Mar 2001

[(MAZ CECILIA G - € RO Bassanezi - B Claudia VIFIRA Godoy - [.] - Anmando Bergamm

The effect of the causat agent of common bacterial blight on photosynthetic efficiency and production of common hean (Phaseolus vulgans) was
quantified. Two field experiments were conducled duting the 1997 harvesl in Piracicaba-SP with iwo cultivan s, FAC-Carioca and Rosinha. Different
levels of severity were obtained by varying the number of inoculations with the pathogen. The severily of the disease, evaluated with a

40 Reads

SASM - Agri: System for analysis and separation of means in agricultural experiments by the Scoft - Knott, Tukey and Duncan methods
iicla Jan 2011

(Y nMarcelo Giovanetti Canteri Ramulo A, Althaus - 7 Jorim Sousa Virgens Filho - [ ] - B Claudia VIEIRA Godoy

. 3,381 Reads
Diagrammatic scales for bean diseases: Development and validation
Hicle Jul 1997
A Claudia VIEIRA Godoy Solange MTPG Aries - lamautiM - [.] Armando Bergamin

Diagrammatic scales were developed for anthwacnose, rust, angular leaf spot, and Alternaria leaf spot of beans Scales were developed according
to Weber-Fechner's visual acuity law, considering the lowest and highest imiis of severity observed in the field The maximum severity fimits
represented in the scales were 22.5%, 24%, 30.4%, and 45%, for rust, anthracnose, angular keaf spot, and Altetnaria leaf spot, respectively, Six
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288 Reads

Angular Leaf Spot of Phaseolus Beans: Relationships Between Disease, Healthy Leaf Area, and Yield

rlicle

May 1997

Armando Bergamin - £} Solange MTPG Aries - /B Claudia VIEIRA Godoy - [..] - €3 B. Hau

ABSTRACT Five field experiments were canducted to invesligate the relationship between the seventy of visible disease (X), area under the
disease progress curve (AUDPC), healthy feaf area index on any given day {HLAI), radiation intercepted by healthy leaf area an any (HAD), total
leaf health absorption (HAA), and yield of Phaseclus beans, Rosinha and Carioca cultivars, inacubated with Phaeoisaropsis griseola at several .

View 67 Reads
Citrus variegated chiorasis: A diagrammatic seale for evaluating the severity of the disease
Arucle  Jan 1993
@ Lilian Amaorim Armando Bergamin - D, Palazzo - [..] GAM Torres
2 Reads
Changes in performance of SBR fungicides aver the years and new management strategies adopted in Brazil
ticle
£ Claudia VIEIRA Godoy
T8 Reads
The Development and Validation of a Yield Loss Prediction Model for Soybean Rust
ticle
O Joe Omielan £ Price - €9 James Board - ||+ Saratha Kumudini
21 Reads

An iPhone App for the Traceability of Asian Soybean Rust in Brazil

2

Jose Henrique - ¥ José Henrique Debashiani Andreis - J» Willingthon Pavan - ...} - @ Jose Mauricio Cunha Fernandes

Soybean is one of the major items of agricultural production in Brazil, being the country 1he second largest producer of this grain. Due to the large
increase in production in recent decades, soybean has hecome the focus of the main organs related to brazdian agribusiness. With the
introduction of Asian soybean rust in Brazil, a better management of this disease was necessary, lherefare, created in Septerber 2004, the .
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ANNEXURE A (Paragraph 37)
ED s —Vol-1§. jop(a&ar.e-‘o l‘f,C;b:

Preplantipg  hethicides  {or goenrolling
Johprongriss pie ickl cops, Proc SWE §4:37 3
-Fir.t.\mh',f. F.oamd T, W, Waenaee, (963, Cowmbiuation ticat
menes of dalapon grass killey preplow sivd EI'TC premaergenen
for cousrol of Johnsougrass in oorm, Down tu Eaceh 15(4):20-
23 1963 '
1. Havsem, Evas W, ) T, Tueastox, and 5.V Sracs. 1955, The
effret uf choutieals on the contrut o jolul!m:su‘ass and audgruss
with xral withonr Jisking.  'roc. SWE 2300304
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Calculating Synergistic and Antagonisuc
Responses of Herbicide Combinations’

* ’ S. R. Corny?

Alstioet, §he sestnws of herbivdes apphicd sogh ave ped in
valeuluting e “evpedtcd™ st when iy e cambined. The
eupcrnl pespen Foa v coandinisd e v oluaiied Iy pikinyg the
prosiecy ol che gt en! satiage for Loihidides applind
afune amml dividing fyw (1995 wheee i Is The innber of hevhicides

iy the enbsinajon

.
1 apite of the rremendous increase in westing of herbicide
_b‘f-gmhimuiuns. the swards sviepeisacT and “amnaeen-
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L ncertaimy in duiermining “expected” resporscs for herbi-
cide eumibionatians wmav he paridally respansitde for the
failbwe of workers 10 report svicrgism and antagonisin,
Another difficuliy frequenily encountered is thau the heehs
rides used a0 cambnnation are not apphed singhv in e
same study. When herhicides huve 0ot een appiied singly,
ihere is ng bans for prediciing the respovss when dheey ave
apphed in combination.

Neveral mapbemancabagathuds ave avallable for 1esiing
the yddfitiviny of hvhicide contbinanons (3, 6). This paper
prescants i methud swhich faglitiies catcufanng “expecicxd™
respanses of holbicel  cemmfinadens. The “cxpeeted™
redprnse fur towvcs Combination ol two herhiicedes can e
catcubated s inbows 13, 3 :
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v Y (100X
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Naw if Z1 = growth 3s a percent-of-control with
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herbict Cat v 1A
Xz
70,000

Olwiously, the wse af formuba Vo instead of 1V reduces
the numlier of arithmetic operatinns required o u'l)‘(am the
capl‘r.i.cd response tince the subtraciions and additions arc
climinnted. In general, the expected response for any com-
pination af herbicides may be obnained by 12king the

wct of the percent-of-control values for herbicides
applicd atonc and dividing by (100)*~! where n is. l.‘hc nuak
et of herbicides in the cambination. Ench herhicide must
b appiicd singly at the same race as used in combianatian
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tHustraie 1he enleulation of expected cesponses for herhicide
comminztions, Four herlacitdes were applied singly and in
cerlain combinadions for the ¢ontrol ol scveral weeds in
welrags. The data as avigually presented have heen con-
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ang formule V aud peccenc-of-contral values, the com-
putation is
(53) (971 {63)

e l'ﬁ.ﬁ_l’;ﬁgu

= 33.61 percent-of-cantrol

znd 33.61%-of-coniml i cqual wo 66.39%; weed control.

{hvigusly, there are praciical limitations in using jvathe-
matical formlas in prediciing the responses for hecbicide
combinatons. The methods described here arc approxi-
mgtions, bt 1hey Fépresent an HNProvancent over no at-
winpt to predict respanses. The computations deseribed
shnutd most effectively he applicd 10 populations of singlc
soecies although this would not seem 1o He an absolule
ceouresnent. Furthermore, 1the fornulas are most accurale

waen values of X, Y. and % are near the 309 level since ~

Seasonal Variation in Sprouting and Available Carbohydrate
in Yellow Nutsedge Tubers'

R, B. Tavrorson?

atmteact Fwo murphorsicsl ©pee 0L tronrs L) Feune aitstage

Ly penis peelemiug LY were enilegied over » 2 year periodt and were
sered in the labacatosve Taber donmancy socuried Jdusing ke
samuner anda early lall Sprouting wag Tighest dirvizg the winwer amd
spering. Mechanical distuybasce ol the puisedge stand increasa! taber
provting. Avatiable carbohsdrates lollowed a paltern ainifar to
sprecting: mindmum lecels werc Iouad during Jaw summer, 1 he
tan (ypes of whers appearal to be spniar in respeet 1o the charze.
terisigy sturlied,

IxrrewsoN

ST PRMANCY comnionby Gogurs invarious organs and ot
D diffcrént seasons di e véar among Specics of lughe
Jlanes 123, Generutly, ligde 1> known of dormuncy i sub.
wrrave an organs of weeds, inchading tubers of velinw nt
wtlge  Cipevus espredentus 1) Tambleson aed Kome
mreetie? 1) nubicated e tubers weve doemnant when duag
in September Hul woulil germiinane in fane, Breaking of
wiber dormmingy wies ahought 1o be associated with low
wmperature and leactnble inhibiwes, Diher research has
dealt muinly with mehods of breaking dormuncy ol
whery by chemical 1echiniques (2). Control of yellow nur.

’—\_'ytzc(lgc with  ostemergence herbiades is partally de
L3

“penticn on tvher darfnancy, since emergence ol shoors

must he aptimn whea the herbicides are applicd for
maximim elfects, o

Another facior ohien related 10 cifentiveness of herbs-
wdes ia the conwral of perennial weed species is the level
of reserve aairbohyrlraies, However, studics atempling to

Received for publication February 24, 106, Cawperative inved
7ailanx af the Jraps Reseurdy [Veivien, Sgrdeuktaral kesearch hevs
we, [ S Depanment af Agriculioce, and the Coastal Plaio Experns-
oot Siatinn. Talon, Geosgia,

Mant Plysiologist. Cinps Resenrch Pivision, Agriculaual Re-
werch Sevite, U 5. Departmene ol Agriculivye, Tilton, Guorgia.
Iresent address. is Crops: Resenrch Division, Agriculiural \Reveaxch
Yervice, LS. Depattment of Agsiculinie, Beltwille, Marylond.

(%]
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the cdose-response curves deviare least feom lineariiy at the
09, level.
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sclate arbobydiaic Sevels with habicide aeeepiiatiny
have ot been clearly successlud {4, 53 ’

i dhzae studics, ! have agempred o charncrering cler
darmancy and carbobydrsie contene and theic passible
refation 1o herbicide wilizalion,

Mernows axn MATERIALS

A dense stand of yellaw nutsedge growing in a ficht of
Tilton loamy surd was the source of plant maaterial. Samn
ples were collecied ar monhily intervals frpm Julv, 1047
te june, JOG4 During Julv, 1062 10 June, 1963, somples
were tsdomily callecied vien the infesced aea, The st
wita not disurbed mechanicly excepe baran endy spning
owing and barrowiyg, Deering the months ot Joiy o
Novembor, 1963, the aren was subsdivided nitn 23 by 0
0 ity Three swiceaeplicatet] neanments were g,
One freatment seis 2 continvation of the werbuanealls
imdiverbed stnud mentioned above, Othier treatments
were {1} mowing approximately 2 weeks poos o the nexi
sampling dawe and (b} disk-harrowing approximarcly
weeks prior o the next sumpling date. At the ronrlusion
ol this sampling pevind, further callecions were nuple
oaly from 1he mechanically vudisturbed plots.

At cach sampling dae, duplicate lots af approxunacely
500 whers were recovered by working the soil through
a caarse sereen. (o severad ocensions during 1063, -
washerl wbers were recovernd Trom medunically undis.
torbed plot samples by sewrching the soil yamples and
Lrvwshing off most ol the adhering soil frogy ihe tbers,

Except lor the anwashietd tow, the wubers were sube
jectively graded no fouv types according s external
color winl morphalogy, and then corted. Tepe A ulers
were Dlackskinned, shriveled, wnd wsunlly denl; type It
were black but nurgid: wype ¢ were brown amd u'n—g:d.
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19 Keywords

20 demethylation-inhibitors; quinone-outside-inhibitors; overexpression; point mutation;
21 sterol 14a-demethylase; cytochrome b

22

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 Qol-response remained stable, while a loss of sensitivity towards DMIs
31 occurred. Molecular analyses of cyfochrome 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 cyp51, 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 F120L,
37  1145F and 1475T correlate to increased EDsp-values towards all tested DMis.
38 Furthermore, an up-regulation of the cyp57-gene up to 10-fold was noticed in some of
39 the DMi-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

SYNGENTA EXHIBIT 1038
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44

45

46

47

43

prevented in P. pachyhrizi, a stable control of with Qols in future is rather likely. In

contrast, a shifting in sensitivity towards DMIs has been observed, which is due to

multiple independent mechanisms.
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1. INTRODUCTION

Soybean, Glycine max (L.) Merr., is one of the most important crops worldwide ranking
only behind wheat, corn and rice in terms of total area under cultivation (FAOSTAT
(http:/ffaostat.fao.org)). Soybeans are not only used for human consumption but, more
importantiy, for livestock feeding and industrial purposes (ASA
(http://www.soystats.com)). The USA is the most important producer of soybeans (35%
of the world production), followed by Brazil (26%) and Argentina (20%) (FAOSTAT
(http://faostat.fao.org)). In Brazil, soybeans account for 36% of cultivated area and are
the most dominant crop being cultivated, followed by com (20% of cultivated area) and
sugarcane {14%; FAOSTAT (http://faostat.fao.org)).

Soybean yield is reduced by a number of biotical and abiotical factors. Diseases that
can threat soybeans are Cercospora kikuchii (leaf bronzing and purple seed stain),
Cercospora sojina (frogeye leaf spot), Corynespora cassiicola (target spot), Diaporthe
phaseolorum var. sojae (pod and stem blight), Peronospora manshurica (downy mildew),
Phakopsora pachyrhizi (Asian soybean rust), Phytophthora sojae (phytophthora rot),
Pseudomonas syringae pv. glycinea (bacterial blight), Rhizoctonia sofani (aerial blight),
Sclerotinia sclerotiorum (sclerotinia stem rot) or Sepforia glycines (brown spot)
(Kucharek, 2001; Ruhl, 2007; Carmona et al., 2011, Hartman et al., 2011). P. pachyrhizi
originated in Asia leading to vast yield losses (Ono et al. 1992). The phytopathogen was
first appeared in Brazil in 2001, leading to additional costs of US$ 2 billion (Yorinori et al.,
2005). Cultivation practices such as late sowing, choice of soybean cultivar or
elimination of secondary hosts have been applied to reduce the severity of the disease
(Kawuki et al., 2003; Corréa da Silva et al, 2011; Twizeyimana ef al., 2011; Hu and

Wiatrak, 2012). Other attempts have included breeding for P. pachyrhizi resistance and
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the introduction of a “free host period”, in which no soybeans are cultivated for 3 months
(Hartman et al., 2005; Kendrick et al. 2011; Godoy, 2009). However, the application of
fungicides is the most employed and most efficient method for controlling P. pachyrhizi,
and in particular demethylation inhibitors (DMIs) and Qo inhibitors (Qol) have provided
the best and most consistent results (lvancovich, 2005). Other phytopathogens
developed adaptation against both DMIs and Qols, which resulted in reduced efficiency.

The most important resistance mechanism against Qols are point mutations (F129L,

G137R, G143A) within the cytochrome b gene, which have been found in Alternaria spp.,

Blumeria graminis, Mycosphaerella spp., Plasmopara viticola, Pyrenophora spp.,
Pyricularia grisea or Venturia inaequalis among others {Heaney ef al., 2000; Kim ef al,
2003; Grasso ef al., 2006, Sierotzki et al., 2007). Resistance mechanisms against DMIs
are variable and complex, involving point mutations, overexpression of the target gene
cypS51, and up-regulation of efflux-transporter. A number of plant pathogens show a
more or less significant adaptation to DMIs, such as B. graminis, Mycosphaerella
graminicola, Puccinia triticina or Uncinula necator (Cools et al., 2012; Délye et al., 1997,
Delye et al., 1998; Leroux et al., 2007; Stammler ef al,, 2008; Stammler et al., 2009;
Leroux and Walker, 2010).

In this study, the sensitivity of P. pachyrhizi isolates towards DMIs and Qols was
analyzed by the detached leaf test. Subsequently, cyp57 and cytochrome b, which are
the respective target enzymes of DMIs and Qols, were investigated using molecular

genetic techniques.

2. MATERIAL AND METHODS

2.1 Origin of P. pachyrhizi isolates

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

185



97

98

99

100

101

102

103

104

105

106

107

108

109

10

112

113

114

(15

16

117

118

119

120

P. pachyrhizi strains were isolated from soybean leaf samples from different regions of
Brazil in 2009/2010. Dry infected leaves were hydrated in a humid chamber for ca. 20-
24 hours. Spores from sporulating uredia were then either transferred to a Tween water
(0.03%) drop on a six-days-old soybean leaf (BBCH scale 101; Munger et al., 1997) via
inoculation needle or were suspended by shaking hydrated leaves in Tween water.
Following this, suspensions were applied with an airbrush (0.3 mm nozzle) to the abaxial
surfaces of unifoliate leaves, which had been placed on water agar (0.4%), which
included 1H-benzimidazole (40 mg/l} and streptomycin sulphate (30 mg/}. Isolates were
separated by transferring spores from only one uredium to a new soybean leaf via the
inoculation needle. After inoculation, soybean leaves were incubated in a humid
chamber in the dark for 20-24 h followed by 12 h light at 20°C. A total of 90 strains were
isolated in this way and were transferred in three week intervals. P. pachyrhizi isolates

were propagated for detached leaf tests in the greenhouse.

2.2 Detached leaf tests

Sensitivities of Brazilian P. pachyrhizi isolates (n = 38) and one strain originating from
Taiwan were tested against different fungicides in detached leaf tests comparing to a
reference strain isolated in 2004. Dilution series of cyproconazole (Alto®),
epoxiconazole (Opus®), metconazole (Caramba ®) tebuconazole (Folicur®)
azoxystrobin {Amistar ®) (all 0/ 0.01 /0.1 /1 /10 mg L") and pyraclostrobin (Comet ®)
(0/0.03/0.3/3/30mg L") were applied on soybean plants (cultivar Dekalb 22-52) at
growth stage 101 (BBCH scale) just before run off. Treated plants were placed in a
growing chamber for drying at 22°C overnight, before leaves were harvested. The next

day, leaves were cut and placed on water agar (0.4%), which included 1H-
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benzimidazole (40 mg/l) and streptomycin sulphate (30 mg/l}). Spore suspensions of P.
pachyrhizi isolates in Tween water (0.03%) were prepared and applied with an airbrush
(0.3 mm nozzle) to the abaxial surfaces of the unifoliate leaves. From each fungicide
and concentration two soybean leaves were inoculated (approximately 0.5 ml spore
suspension per leaf). Subsequently, plates were incubated in a humid chamber in the
dark for 20-24 h followed by 12 h light at 20°C. Three weeks after inoculation, infected
leaf area was evaluated by visual scoring, assessing thinly dispersed pustuies in
combination with total necrosis of the leaf as a disease severity of 100%. The effective

doses of 50% (EDsp-value) were calculated.

2.3 Nugcleic acid extraction and reverse transcription

DNA of P. pachyrhizi spores was extracted with the NucleoSpin DNA Plant Il Kit
(Macherey-Nagel GmbH & Co. KG, Diren, Germany) following the instructions of the
manufacturer for SDS based DNA extraction.

Total RNA of P. pachyrhizi spores was extracted using the Spectrum Plant Total RNA
Kit and on-column DNase digestion was performed using On-Column DNase | Digest
Set (both Sigma Aldrich, St. Louis, USA) following the instructions of the manufacturer.
RNA of each isolate was exfracted at least twice at subsequent dates. RNA
concentrations were measured on a NanoDrop 2000 (Thermo Fisher Scientific Inc.,
Waltham, USA) and RNA quality was assessed employing the Agilent RNA 6000 Nano
Kit on the Agilent 2100 Expert Bioanalyzer (both Agilent Technologies, Santa Clara,
USA) using the Plant RNA Nano Assay as described by the manufacturer. The RIN
(RNA Integrity Number) obtained in this way varied between 6 and 8. RIN values above

5 are recommended for expression analysis (Feige und Pfaffl, 2006).
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188

145  Each RNA (500 ng) was reverse transcribed to cDNA using the oligo-dT primer of the
146 Verso cDNA Kit (Thermo Scientific Inc, Waltham, USA) as described by the
147 manufacturers. Reverse transcription conditions were as follows: 42°C for 30 min, 45°C
148  for 15 min, 50°C for 15 min and 95°C for 2 min.

149

150 2.4 Sequence analysis

I51  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 TCGAGGGAAAGGAGTTGATC '3), respectively, the cyp51 gene
154 (2155 bp) was amplified {primer end concentration 500nM). The following PCR program
155 was applied for amplification: an initial heating for 15 min at 98°C was followed by 35
i56 cycles at 98°C for 5 s, 63°C for 5 s and 72°C for 45 s, and a final amplification step at
157 72°C for 1 min. PCR products were gel electrophoretic separated, extracted using
158  NucleoSpin Extract Il (Macherey-Nagel GmbH & Co. KG) and cloned in XL-1 Blue
159 Competent Cells (Agilent Technologies) using the CloneJET PCR Cloning Kit
160  (Fermentas GmbH, St. Leon-Rot, Germany) following the instructions of the
k6l manufacturers. Clones were  sequenced using primers  pJet1.2 fw
162 (5 CGACTCACTATAGGGAGAGCGGC 37, pJet1.2 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 fw
167 (5 CAGTAGCCTAAAGAAGGGTGTTAA ‘3) and KES 1159 v

168 (5 CCCGTTGAATATCTTGACATCTTAC '3) for amplification and pJet1.2 fw, pJet1.2 rv,
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KES 1176 fw (5 AATTCTACTAGATCCCCT3) and KES 1176 fw
(5 AATTCTACTAGATCCCCT 3') for the sequencing reaction. The PCR program for
amplification was: initial heating at 98°C for 15 s, 35 cycles at 98 °C for 10 s, 64°C for
5 s.and 72°C for 45 s, followed by a final amplification step at 72°C for 1 min.

For point mutation studies of the cyp51 gene, pyrosequencing assays were developed
using the Pyrosequencing Assay Design Software (Qiagen, Hilden, Germany). Standard
PCR using Maxima Hot Start PCR Master Mix (Fermentas GmbH) and the primer pairs
listed in Table 1 were employed for amplification of all gene fragments under the
following conditions: initial heating for 15 min at 95°C, 40 cycles at 94°C for 15 s, 55°C
for 30 s and 72°C for 20 s, followed by a final amplification step at 72°C for 5 min. Every
template was applied in duplicate. Single strand preparation was performed by
immobilizing PCR products to Streptavidin Sepharose Beads (GE Healthcare,
Buckinghamshire, GB), and subsequently cleaned up with ethanol (70%), denaturated
with sodiumhydroxid (0,2M) and finally washed in tris-acetat (10mM) implementing the
Vacuum Prep Worktable (Qiagen) following the instructions of the manufacturer. After
transferring immobilized single strand samples to annealing buffer amended with the
according sequencing primer, the samples were heated at 80°C for 2 min in an
incubator. Samples, cooled to room temperature, were then pyrosequenced using
PyroMark Gold Q96 Reagents as described by the manufacturers on a PSQ 96MA (both
Qiagen) machine. Therefore, sequencing primers listed in Table 1 were used,
depending on the amino acids of interest. For assay validation, standard mixtures were
performed. Every run included standards of 100% wild type and mutation, respectively,

as well as 30/70%, 50/50% and 70/30% mixtures of wild type and mutation. While cDNA
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of 48 isolates was studied for mutations, analysis of DNA was performed for all 90

Isclates.

2.5 Expression analysis

Expression studies were performed on a Rotor-Gene Q 2-Plex machine (Qiagen) and
analyzed with the GenEx software (MultiD Analyses, Géteburg, Sweden) following MIQE
guidelines {Bustin ef al., 2009). Six genes {(actin, tubulin, GAPDH, SDHc, SDHd and cyt
b) were validated as reference genes with geNorm and NormFinder (GenEx software},
finding actin, tubulin and GAPDH to perform most stable (data not shown). QPCR
efficacy was assessed by standard curves for all genes and was 0.97 for actin, 0.98 for
tubulin, 0.94 for GAPDH and 1.04 for cyp51 (data not shown). All cDNA samples were
used in duplicate. Threshold cycles (ct) were adjusted to the same level in each run. For
gPCR performance, MESA FAST qPCR MasterMix Plus dTTP for SYBR Assay No ROX
(Eurogentec, Seraing, Belgium) was used, together with the primer (200nM) listed in
Table 1. Conditions for gQPCR were as followes: initial heating to 95°C for 5 min, followed
by 40 cycles at 95°C for 15s, 60°C for 20s and a final step at 72°C for 20s
Subsequently, specificity was verified by a melting curve. The fluorescence level was
acquired during the elongation step. In a first approach cyp57-expression was measured
from P. pachyrhizi spores of five DMI adapted isolates treated with epoxiconazole
(3mg L") in a detached leaf test. In addition, expression of both DMI-adapted and
sensitive isolates was analysed from the unireated control. In a second approach,
expression analysis of non-treated spores was performed for 48 isolates. To prevent
false positive results, the overexpression limit was set at expression 3-fold higher than

the reference strain.
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2.6 Modelling studies

A structural model of the CYP51 protein from the P. pachyrhizi reference strain was
constructed using the homology modelling tool in MOE (Version 2010.1, Chemical
Computing Group Inc., Montreal, Canada). The template for this modelling was the
crystallographically determined structure of human CYP51 (PDB ID: 3LD6), which has a
sequence identity with the fungal CYP51 of 38%. The homology model was built using
the software’s default parameter settings. The resistant mutations identified in this work
were then manually implemented into the three-dimensional structure of the reference
strain protein.

To investigate the effect of the resistant mutations on DMI binding, the following four
fungicide compounds were docked into the homology model: cyproconazole,
epoxiconazole, metconazole and tebuconazole. The docking was performed using Glide
(Version 5.7, Schridinger, LLC, New York, NY, 2011} following ligand preparation with
LigPrep (Version 2.5, Schrodinger, LLC, New York, NY, 2011). Default parameter
seftings were used for both steps. No constraints were applied during the docking run,
but of the resulting poses only those with an azole-heme binding distance less than 2.8

A were retained.

3. RESULTS

3.1 Sensitivity of P. pachyrhizi to Qol and DMI fungicides

In detached leaf tests, all isolates were highly controlled by Qol, showing narrow ranges
of EDgo-values, ranging from 0.14 mgL" to 2.47mgL" for azoxystrobin (median:

041 mg L") and 043 mgL" to 1.53mgL" for pyraclostrobin (median:0.95 mg L"),
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respectively (Fig. 1). The sensitivity of the reference strain was within these ranges,
showing EDsp-values of 0.24 and 1.11 mg L™, respectively.

The sensitivity of the different P. pachyrhizi strains towards DMIs covered a broader
range. While the reference strain was controlled by 0.01 mgL™" for all DMls, most
Brazilian isolates needed higher concentrations to be completely controlled, depending
on the isolate and fungicide. Most isolates were controlled by fungicide concentrations
as high as 4mgL" (Fig. 3). The ranges for all DMIs were 0.01 to 10 mgL" with
medians of 2.2 mg L' for cyproconazole and metconazole, 2.3 mg L for epoxiconazole,
and 2.5 mg L 'for tebuconazole. While a number of isolates are not controlled to 50% at
the highest fungicide rate tested in this study by cyproconazole, metconazole and
tebuconazole, all isolates, with the exception of two, are controlled to 50% at 10 mg L

'by epoxiconazole (Fig. 3).

3.2 Analysis of the cytochrome b gene sequence

Sequencing DNA and ¢cDNA of the P. pachyrhizi reference strain revealed that the
cytochrome b gene sized 2524 bp, containing one intron of 1336 bp. The intron was
located directly after the amino acid at position 143 (Fig. 2). Amino acids known to lead
to reduced sensitivity against Qol exhibited wild type codons, i.e. F129, G137 and G143.

Identity of the pronounced sequence was verified by BLAST search.

3.3 Analysis of the cyp51 gene sequence
Amplification of P. pachyrhizi with KES 1098 fw and KES 1133 rv resulted in a 2155 bp
fragment, of which 2107 bp encode the corresponding CYP51 protein. The cyp57 gene

was disrupted by 5 introns of different size (Fig. 2). Sequencing of the reference strain
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287

revealed some variation due to several amino acid substitutions. Clearly, these
substitutions did not constitute mutations leading to reduced sensitivity towards DMls,
because the reference strain is highly sensitive. Isolates which showed reduced
sensitivity were also sequenced. Amino acid substitutions at positions 120 (F120L), 131
(Y131H /F), 142 (K142R), 145 (1145F) and 475 (1475T) could be linked to increased
EDso-values (Fig. 3). Several cyp57-clones of sequenced isolates did not only show one
identical cyp57-haplotype with amino acid substitutions, but also other haplotypes
including the wild type, suggesting that more than one gene copy is present in a single
isolate (data not shown). With the exception of 1145F, all mutations occur in
combinations (i.e. Y131H + F120L, Y131F + K142R, Y131F + |475T). Despite this,
substitutions are not necessarily coupled within one haplotype since haplotypes with
only one substitution can be found. Pyrosequencing never showed 100% mutation in P.
pachyrhizi DNA but values of approximately 33% or 50%, respectively. The same
mutations as in DNA were detected in P. pachyhrizi cDNA; however, mutation frequency
in cDNA was usually higher than in DNA (Table 2).

The occurrence of 1145F is related to EDsp-values between 0.3 mg L' and 4 mg L’ for
the fungicides used in this study. A threshold of 1.4 and 3 mgL' accounts for
substitutions of Y131F + 1475T and Y131F + K142R, respectively. The widest range of
EDsq-values is observed in the presence of Y131H + F120L, ranging from 0.06 mg L™ to
t0mg L’

The mutations found in the current study were widely distributed within Brazil (Fig. 5).
With exception of K142R, which was located in the central region around Senador
Canedo, the mutations were not restricted to specific regions. Combinations of Y131H +

F120L and Y131F + [475T appeared as the most frequent mutations, though Y131F +
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[475T was only found in sites where more than 10 isolates originated from. Y131H +
F120L occurred as the most widely distributed mutation, whereas 1145F was the least
observed mutation and was mainly located in Santo Antdnio de Posse. Isolates with the

wild type sequence were present at all sites.

3.4 Expression of cyp51

In a first approach, cyp57 expression was analyzed from P. pachyrhizi spores of DMI-
sensitive and -adapted isolates treated with 3 mg L™ of epoxiconazole in a detached leaf
test. Expression of cyp51 using actin, a-tubulin and gapdh as reference genes was 4- to
8-fold increased for adapted isolates, in comparison to the reference isolate (Fig. 4).
Though DMI-adapted isolates differ in their expression, three isolates out of five being
overexpressed, all sensitive isolates were normally expressed. Cyp57 expression was
increased regardless whether the isolates were treated with epoxiconazole.

In a second approach, cyp57 expression of all fungicide-tested isolates was studied
(Table 2). Expression ranges from 3- to 10-fold increase in comparison to the reference
strain. Overexpression was found in isolates with wild type cyp57 gene as well as
isolates showing mutations in the cyp57 gene. A combination of overexpression and

mutation correlates with increased EDsp-values towards DMIs (Fig. 3).

3.5 Modelling of cyp51

The homology model of P. pachyrhizi CYP51 was used to identify the locations of the
resistance mutations F120L, Y131F/H, K142R, [145F, and 1475T in the three-
dimensional structure of the protein. The amino acids at positions 120 and 131 are

located within the binding site of the enzyme (Fig. 6). Residue K142 makes a salt bridge
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with one of the carboxylate groups of the heme, while 1145 and 1475 are respectively
located near enough to the edge and the lower face of the heme to make non-directional
van-der-Waals interactions (Fig. 7).

The docking of four DMIs (cyproconazole, epoxiconazole, metconazole and
tebuconazole) suggests that F120 and Y131 are in van-der-Waals contact with these
inhibitors, with minimum heavy-atom to heavy-atom distances between 3.6 A and 4.1 A.

Amino-acids K142, 1145 and 1475 are not in contact with the DMIs considered here,

4. DISCUSSION

As observed by other groups (Miles et al.,, 2007; Mueller et al., 2007, Scherm et al.,
2009), no loss of Qol sensitivity was detected in our study. Results obtained by
detached leaf test were confirmed by molecular biological analyses. The cytochrome b
gene was sequenced, demonstrating that an intron of 1336 bp occurred just after codon
143 of the 2524 bp nucleotide sequence. As proposed by Grasso et al. (2006), an intron
after codon 143 results in deficient splicing of the mRNA, which would be lethal in the
case of a G143A mutation. A number of pathogens were analyzed for G143A, but it was
never found adjacent to the subsequent intron (Grasso et al., 2006). Since an intron is
found in rusts directly after codon 143, the G143A mutation has never been found
(Grasso et al.,, 2006). Nevertheless, there is a possibility that other mutations may
evolve such as F129L or G137R as found in other plant pathogens (Kim et al., 2003;
Sierotzki et al., 2007). While the G137R mutation is responsible for reduction in fitness,
both F129L and G137R mutations can be controlled by field application rates (Kim et al.,
2003; Semar et al., 2007; Sierotzki ef al., 2007). Thus, should F129L or G137R develop

in P. pachyhrizi, the impact of these mutations is suggested to be low. However, neither
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of these mutations have been detected in monitoring studies in any plant pathogenic
rust species so far.

For the DMIs used in this study, a broad range of EDsp-values between the reference
strain and the Brazilian isolates have been detected, with resistance factors up to 1000.
Sensitivity monitoring in Brazil revealed a lower range of EDsp-values than we observed,
since a slightly different methodology was applied following FRAC recommendations
with populations of P. pachyrhizi (FRAC (http:/fwww frac.info), Godoy, 2008). Due to a
mixture of sensitive and resistant strains, fungicides show improved performance in
fungi populations than in single isolates. Single strains represent both best and worst
cases for managing pathogens in the field. Detached leaf tests are appropriate for
discriminating the sensitivity of different isolates towards DMls. However, the growth
conditions of the isolate are optimized in detached leaf tests and are different to
conditions in the field. Natural defense mechanisms such as hypersensitive response
(HR) and systemic acquired resistance (SAR) of the plant against the pathogen might be
missing or significantly reduced in a detached leaf. Furthermore, the mechanical barrier
of detached leaves might be reduced due to a poor cuticle, which makes it easier for the
pathogen to penetrate and infect. Thus, the pronounced EDsg-values and resistance
factors in this study may differ to a certain extent in the field. Nevertheless, the recent
study emphasizes that a significant sensitivity loss of P. pachyrhizi towards DMIs
developed. Other studies have analyzed disease severity and yield rather than EDsg-
values to assess the efficiency of fungicide treatments (compounds, quantity, timing) in
the field (Miles et al., 2007; Mueller et al.,, 2009; Scherm et al., 2009). DMI- and Qol-
fungicides, or a combination of these, performed the best resulting in adequate control

of P. pachyhrizi.
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The P. pachyrhizi reference strain revealed several amino acid substitutions from which
some were located within introns. These variations were also found in Brazilian isolates
and the Taiwan strain. Since there was a difference in sensitivity of most Brazilian
isolates and the reference strain in detached leaf tests, these substitutions do not
account for adaptation towards DMIs. Sequence analysis of sensitive and adapted P.
pachyhrizi isolates revealed mutations at codons 120, 131, 142, 145 and 475. Since
mutated and non-mutated wild type cyp51 was found in single isolates it could be

concluded that more than one cypS57 gene copy exists in the genome of P. pachyrhizi.

Multiple cyp57 copies are aiso described for other fungal pathogens, e. g. Aspergiflus sp.

or Fusarium sp. (Mellado et al., 2001, Yin et al., 2009). The comparison of the frequency
of mutations in DNA (i. e. in the genome) and cDNA (i. e. the expressed mRNA) showed
that mutated genes were always more expressed than the wild type. When we assume
that mutated cyp57 is less sensitive to DMI inhibition, the selective (over-) expression of
the mutated cyp57 allele leads to a synergistic effect on the adaptation to DMis.
Alignment of P. pachyrhizi cyp51 indicated that the Y131F mutation is homologous to
Y134F in P. triticina, Y136F in U. necator and B. graminis f. sp. hordei or Y137F in M.
graminicola (Délye ef al., 1997, Délye el al., 1998, Leroux ef al., 2007; Stammler et al.,
2009). In addition, Y131F in P. pachyrhizi is homologous to Y132H in C. albicans and
K142R is homologous to K143R/E in C. albicans and K147Q in B. graminis {(Sanglard et
al., 1998; Wyand and Brown, 2005; Marichal et al., 1999). To our knowledge, no
homologous mutations in other fungi are reported for P. pachyrhizi mutations F120L,
[145F and 1475T.

In B. graminis f. sp. hordei, M. graminicola and P. ftriticina it is known that Y136F, Y137F

and Y134F, respectively, confer sensitivity losses to DMIs to a greater or iesser extent
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depending on the DMI (Wyand and Brown, 2005; Stammler et al., 2009; Mullins et al.,
2011). High resistance factors against triadimenol were associated with the
corresponding mutation in M. graminicola and U. necator (Délye et al., 1997; Leroux ef
al., 2007).

The binding site of CYP51 is buried in the core of the protein, such that the substrate
must pass along an access channel that is formed by movement of an a-helix (Boscott
and Grant, 1994). The K147Q mutation in B. graminis, which is located on the a-helix,
alters the interaction between the protein and the inhibitor, thus preventing the DM from
accessing the binding site of the protein (Wyand und Brown, 2005). Similarly,
substitution of Y136F in B. graminis and Y137F in M. graminicola prevents DMI-binding
due to a change in polarity (Mullins ef al., 2011). In other organisms mutations
corresponding to P. pachyhrizi F120L and Y131H/F are located in one of the highly
conserved substrate recognition sites, suggesting the same function {Leroux und Walker,
2010). The modelling of P. pachyrhizi CYP51 in this study suggests that Y131 and F120
can make non-directional van-der-Waals interactions with DMIs. Since these mutations
result in smaller amino-acid side-chains, they may affect DMI binding by increasing the
size of this part of the binding site, therefore weakening the van-der-Waals contacts.
The mutation Y131F/H also represents a change in polarity that could influence inhibitor
binding (Mullins et a/., 2011). In contrast, mutations K142R, [145F, and 1475T make no
direct interaction with the DMIs considered here, but may indirectly affect DM! binding by
altering the position of the heme. In particular, the change in volume associated with
l475T may enforce a change in protein conformation that is propagated to the heme via

the adjacent C474.

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

198



407

408

409

410

411

412

413

414

415

416

417

418

419

420

424

425

426

427

428

429

430

Besides mutations within the cyp57 gene, other mechanisms causing sensitivity
changes to DMIs have been reported, such as cyp57-overexpression (Hamamoto ef af,
2000; Schnabel and Jones, 2001; Luo and Schnabel, 2008; Stammlier et al., 2009;
Cools et al,, 2012). Overexpression of cyp57 has also been found in isolates of P.
pachyrhizi in this study. All highly sensitive isolates did not show any overexpression of
cypb1, while in about half of the strains with lower sensitivity to all DMIs an up-regulation
up to 10-fold was noticed. Most of the isolates overexpressing cyp57 responded to DMI
treatment with highest EDgp-values; in particular 2 strains (isolates 37 and 72} showed

high EDsg values to all 4 DMIs. Interestingly, overexpression was never found in isolates

containing the Y131F + 1475T haplotype, but in all cases with Y131H + F120L haplotype.

Whether this overexpression is connected with the mutation or if these two resistance
mechanisms are independent acquired was not fully elucidated in this study.
Overexpression mechanisms may include insertions within the promotor region, up-
regulation of transcription factors or gene duplication (Hamamoto et al., 2000; Schnabel
und Jones, 2001; Dunkel et af., 2008; Marichal et al., 1997).

The sensitivity response of some of the strains might not only be related to alterations of

the target site cyp57 in the form of mutations or overexpression. The sensitivity loss of

these isolates might be caused by other additional mechanisms such as enhanced efflux.

This has been described for some pathogens as a mechanism for DMI adaptation
(Sanglard et al., 1995; Leroux and Walker 2010; Stammler and Semar, 2011).

Taking our data together, it can be stated that the Brazilian population of P. pachyrhizi is
sensitive to Qol fungicides and that the risk of Qol resistance development in future is
rather low. However, the population has been adapted to DMIs and mutations in cyp51

and overexpression of the mutated allele have been identified as important mechanisms
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43t for the acquired sensitivity loss, though additional and so far unrecognized mechanisms

432 might also play a role in the sensitivity response.
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566

Table 1

Oligonucleotide primers used in this study and their purposes.

Name Sequence 5' - 3 Purpose

KES 498 fw GGACACTAGTATGGGCGATTG Pyrosequencing of cyt b, 124 bp
fragment with KES 499 rv

KES 499 rv *° CATGTGAGGCGGTCTCATT Pyrosequencing of cyt b, 124 bp
fragment with KES 498 rv

KES 500 fw TTGTAATAATAGCGACAGC Pyrosequencing of cyt b (F129L},
sequencing primer

KES 501 fw TATGGACAGATATCACTATG Pyrosequencing of cyt b (G143A),
seguencing primer

KES 1132 fw TAGGTTATGTACTACCGTAT Pyrosequencing of cyt b (G137R),

KES 1496 fw ®°

KES 1493 rv

KES 1494 v

KES 1564 fw *"

GTTTITAACTTTTTGATGGCCTGAA

CTGCTGCATTAGGATCGAGTTG

CGAGTTGGGTACATCR

ACCCTTIGTTGATGAGAAGTGTC

sequencing primer

Pyrosequencing of cypd1 (Y131F,
Y131H), 101 bp fragment with KES 1493
v

Pyrosequencing of cyp57 (Y131F,
Y131H), 101 bp fragment with KES 1496
fw

Pyrosequencing of cyp57 (Y131F,
Y131H), sequencing primer
Pyrosequencing cyp571 (K142R, 145F),

396 bp fragment with KES 1563 rv

KES 1563 rv ACGTCCTTAGTGACAGATTTTACATIT Pyrosequencing of cyp51 (K142R,
1145F), 396 bp fragment with KES 1564
fw

KES 1562 rv GTAAGGCCAGCCTTG Pyrosequencing of cyp571 (K142R,
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207

KES 1595 fw

KES 1596 v °®

KES 1594 fw

KES 1599 fw *°

KES 1600 rv

KES 1601 rv

KES 1461 fw

KES 1462 rv

KES 1216 fw

KES 1178 rv

KES 1465 fw

KES 1466 rv

KES 1463 fw

KES 1464 rv

AGGAAGCATGGAAATGTGTTTAC

TCCTTACCAAAGACAGGTGTAGC

GAAGAAGCTTACACCCAT

GGTCAATGCCGAAGAAGCTTA

CATGGACGTCCTTAGTGACAGAT

TTACCAAAGACAGGTGTAG

ACAGTTTCACCACAACCGCC

TGACCGTCGGGAAGTTCG

TGATAGACTGAGGCGTGAACAGG

AATAGAGGTGTTTGGAGTCGATCGTAATC

GGTATGGCTITCCGAGTTCCA

TCAGTTGATACCAAATCATCCTCAG

CTGCGAACAACTATGCTCGTG

CACGAAGAAGCCTTGGAGTCC

[145F), sequencing primer
Pyrosequencing of cyp57 (F120L), 273
bp fragment with KES 1596 rv
Pyrosequencing of cyp57 (F120L), 273
bp fragment with KES 1595 fw
Pyrosequencing of cyp57 (F120L),
sequencing primer

Pyrosequencing of cyp57 cDNA, 233 bp
fragment KES 1600 fw
Pyrosequencing of cyp57 cDNA, 233 bp
fragment with KES 1599 fw
Pyrosequencing of cyp571 (F120L,
¢DNA), sequencing primer

Expression analysis reference gene,
aktin

Expression analysis reference gene,
akfin

Expression analysis, cyp51

Expression analysis, cyp51

Expression analysis reference gene,
gapdh

Expression analysis reference gene,
gapdh

Expression analysis reference gene, a-
tubulin

Expression analysis reference gene, a

tubufin

a) Synthesis by Euregentec, (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 cyp51, using actin,

573  a-tubulin and gapdh as reference genes.

574
"~ Frequency of mutations [%] -
F126E YI34H  Y131F  K142R  N45F 1475T i Expression
Isolate cyp51
DNA cDNA DNA cDNA DNA c¢DNA DNA cDNA DNA cDNA DNA cDNA [fold]

= : ——re—r - — _ ) . T =
T - - - - - - - . - - - - 0.9
G-54 - - - - - - - - 47 79 - - 3.0
1 - - - - - 50 66 1.9
3 33 88 32 g3 - - - - - - - - 59
4 35 89 34 97 - - - - - - - | 6,9
5 29 83 35 99 - 4.0
6 34 94 31 87 - - - - - 82
7 - - - - - - - - - - - - 0.5
8 0,5
9 - - - 34 73 36 75 : 38
12 d - 34 64 36 68 - - - - 2.9
13 33 89 33 o8 - - - ~ - - = = 9,0
24 48 &6 - - 2,8
26 - - - 55 42 - - - 50 40 0,7
27 - - - - 55 78 - - B - 54 72 1,0
28 51 85 - - - 52 82 17
34 - - - 32 88 35 81 = - 25
35 34 91 33 95 - - - - - - - - 7.2
37 36 91 32 98 - - - - - - - - 8.4
48 34 89 33 95 : - - 58
49 - - - - - - - - 50 65 - - 8.3
50 - - - - - - - - 50 57 - - 2,7
53 - : - - 2 0 - 3,1
54 - - 47 71 : 53
56 - - - - - - - - - - 2.1
57 - - - - - - - - - - 86
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60
62
63
66
67
71
72
73
77
78
79
80
81
82
83
84
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37
34
34

59
77
69

575 -
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10,0
9,5
2.2
4.4
37
13
5,9
7.4
101
15
16
19
10,3
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12
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577 Fig. 1:

578  Sensitivity of P. pachyrhizi towards azoxystrobin and pyraclostrobin. EDsp-values from
579  all tested isolates ranged from 0.14 mg L™ to 2.47 mg L' (azoxystrobin) and 0.43 mg L
580 to 1.53 mg I (pyraclostrobin}. The reference strain and the Taiwan strain did not differ

581 in their sensitivity.

582
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100 - e
10 4
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Fig. 2:

Schematic gene structure of P. pachyrhizi cytochrome b (A) and cyp51 (B). Cytochrome
b DNA is 2524 bp in size and interrupted by a 1336 bp intron which is located directly
after codon 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 cyp57 DNA is interrupted by 5 introns of different size (81 bp, 115 bp, 126 bp, 105

bp, 92 bp). Mutations found in this study (F120L, Y131H/F, K142R, 1145F, 1475T) are

marked.
A
1 G143 2524
a J, Intron: 430 - 1765 v
0N AR o
KES 1158 F129 G137 KE5 1159
B Ietroar: Intron intren Intren: Intron.
1 118 -198 443 - 55 .?' 723 - 848 1465 - 1570 1959 20502107
] v

A G -GN N
ﬁES 1098 ) I || | KES 113;\
VAN 7

F120L Y131H/F  K142R, 1145F 1475T
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Fig. 3:

Sensitivity of P. pachyrhizi towards different friazoles and corresponding resistance

mechanism.

epoxiconazole (B), metconazole (C) and tebuconazole (D). Colours represent different
amino acid substitutions in the cyp57 gene, while overexpressed cyp57 is highlighted by

stars. Threshold for overexpression is determined as 3-fold higher expression compared

Isolates are sorted by

to cyp51 expression of the reference strain (Ref.).
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615 Fig. 4:

616  Relative expression of cyp51, using actin, tubulin and gapdh as reference genes.

617 The threshold of overexpression, indicated by a dash line, was set at 3-fold. Cyp571
618 expression of triazole-sensitive isolates (reference strain, isolates 7, 8, 81 and Taiwan
619  strain) and triazole-adapted isolates were analysed from an untreated control (-C) and a
620 3 mgL’' treatment with epoxiconazole (-3). Expression of cyp57 is increased to a
621 different extent in some of the adapted isolates (i. e. isolates 4, 9 and 72).

622  Overexpression is not induced by treatment with 3 mg L' epoxiconazole.
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Fig. 5:
Origin of P. pachyrhizi isolates in Brazil, classified by cyp57 amino acid substitutions and
cypd1 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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3
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Fig. 6:

Location of F120 and Y131 in the binding site of the P. pachyrhizi CYP51 homology
model. Amino-acids 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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Fig. 7:

Location of K142, 1145, and 1475 adjacent to the heme in the P. pachyrhizi CYP51
homology model. Amino-acids K142, (145, 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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cytochrome b gene in Phakopsora pachyrhizi

Ana C Klosowski,®* Louise L May De Mio,? Simone Miessner,”

Ronaldo Rodrigues® and Gerd Stammler®

Abstract

BACKGROUND: Asian soybean rust, caused by Phakopsora pachyrhizi, is mostly controlled by demethylation inhibitor (DM}) and
guinone outside inhibitor {Qol) fungicides. Mutations in the cytochrome b (CYTB) gene can lead to pathogen resistance to Qols.
The occurrence of the mutations in codons 129, 137 and 143 in the CYTB gene was investigated, and a pyrosequencing assay
was developed for rapid and quantitative detection of the F129L mutation.

RESULTS: Molecular analysis of the CYT8 gene showed the presence of the F129L mutation in field samples and monouredinial
isolates, while other mutations (G143A and G137R) were not found. The pyrosequencing was an effective method for quantita-
tive detection of the F129L mutation, and many of the P. pachyrhizi samples showed high frequency of F129L.

CONCLUSION: This is the first report of the occurrence of the F129L 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; Qol fungicides; fungicide resistance; cytochrome b; point mutation

1 [INTRODUCTION

Asian soybean rust, caused by Phakopsora pachyrhizi 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 B0% of vield production has been reported as a
result of the poor pod filling'? associated with the early defoliation
caused by the pathogen in the absence of measures to control the
disease.?

Bath sterol demethylation inhibitor (DMI) and guinone outside
inhibitor (Qol) fungicides represent the most important classes of
fungicides currently used for Asian soybean rust control *3

The Qol fungicides inhibit mitochondrial respiration by binding
to the Qo site of the cytochrome bel complex (complex 1), pre-
venting the transfer of electrons and consequently ATP produc-
tion, leading to an energy deficiency in fungal cells.®

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 changesin the
amino acid sequence.”

Three mutations, located at positions 125, 137 and 143, have
been detected in the CYTB gene of several phytopathogenic fungi
and oomycetes that are less sensitive to Qols. The substitution
from glycine to alanine at position 143 (G143A} is the most com-
mon mutation in Qol-resistant pathogens and is associated with
high levels of resistance to Qol.2~ " The F129L {change of pheny-
lalanine to leucine) and the G137R (substitution of glycine to
arginine) mutations are reported to be associated with low to mod-
erate levels of sensitivity decrease.'®

Sequence analyses of the CYTB gene have revealed that rusts,
including P pachyrhizi, have a type | intron after codon 143, and
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the nucleotide substitution in this codon would prevent splicing of
the intron, being lethal for the fungus.’ Meanwhile, other species
have been identified with such an intron sequence directly after
codon 143.2 As Qol resistance via G143A is not possible for such
‘intron pathogens’, some of these pathogens (e.qg. Alternaria solani,
Pyrenophora teres) have taken the alternative, but less effective
way of adaption, by the F125L mutation.

The aims of the present work were to monitor mutations in
the CYTB gene, especially at the codons 129, 137 and 143, in
P pachyrhizi isolates from Brazil and to develop a pyrosequencing
assay that provides a rapid and quantitative detection of the F129L
mutation in field samples.

2 MATERIALS AND METHODS

2.1 Isolation of monouredinial P. pachyrhizi strains

Leaves infected with P pachyrhizi were collected from Brazilian
soybean fields in the 2012-2013 and 2013-2014 seasons. A total
of 41 strains of P pachyrhizi were isolated from the states of
Parana and Mato Grosso by transferring spores from single uredia
to healthy unifoliolate leaves of soybean plants grown in the
greenhouse with an inoculation needle.

* Correspondence to: Ana C Klosowski, Universidode Federal do Parand, Rua dos
Funcivndrios 1540, 80035-050 Curitiba, Brazil. E-mail: ana_clkigyohoo.com.br

a Universidade Federal do Parand, Curitiba, Brazil
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The inoculum of monouredinial isolates was multiplied by trans-

ferring the spores to new leaves every 3 weeks by inoculation of Table1. Origin of Brazilian populations of Phakopsora pochyrhizi and
spore suspension with Tween water (0.01%) to the abaxial surfaces thelteatencylol the 51 29Emutationdn thecyiocitome i gene
of unifoliate leaves, using an airbrush {0.3 mm nozzle). Origin/state Season F1291 (%)
The leaves were kept in Petri dishes with water agar medium
{1%) including streptomycin sulphate (30mgL"'") and kinetin Goids 2013-2014 97
{0.2 mg L™"). Soybean leaves were incubated in the dark during the Goias 2013-2014 95
first 24 h after inoculation at room temperature and afterwards at Goids 2013-2014 97
23 *C with a photoperiod of 12 h. Goids 2013-2014 95
Goids 2013-2014 94
2.2 Collection of field samples Goias 2013-2014 Ut
Samples from various soybean trial sites in Brazil (Table 1} were Goi‘.:‘s . 96
taken in the form of 20 leaves with soybean rust disease symptoms, | 00133 2013-2014 9%
The leaves were dried and subsequently processed and analysed (OIS LR £ UK 96
as described in the next section, (€L e EPLE 99
Goids 2013-2014 99
A Mato Grosso 2013-2014 50
2.3 DNA and RNA extraction ' N Mato Grosso 2013-2014 190
Molecular analyses were conducted for popu-la.tu)r\s of P.pachyrhizi Mato Grosso 2013-2014 100
from the 2013--2014 season and monouredinial isolates from the Mato Grosso 2013-2014 100
2012-2013 and 2013-2014 seasons. - Mato Grosso 2013-2014 100
For field samples, PNA of P pgchyrfnzn was extracted from s0y- Mato Grosso 2033-2014 100
pea«\ leaves. by cutting Qut lyplcal rust Iesmns. and homogem%- G I043-2014 100
ing these with a bead mill, using th? NucleaSpin DNA Pla!'\t Il kit Mato Grosso 3013-2014 100
I(Macher.ey—Nagef GmbH & Co. KG, Diren, Germany) followmg the Mato Grosso 2013-2014 100
instructions of thg _mar_1ufacturer for CTAB-based DNA extraction, . 201322014 100
For monoEJredlnlaI |solates: DNA of A pac.hyrhrzr spores was Mato Grosso 2013-2014 99
extrac.ted using the Nt{cleoSpln DNA Plant l kit (Macherey-Nagel) Mato Grosso 2013-2014 100
following the instructions of the manufacturer for CTAB-based Mato Grosso 30132014 52
D) LRI 4B - Mato Grosso 2013-2014 95
Tf:ota| RNA of P pachyr!"uzr spores was extracted afnd reverse tran- Mato Grasso 7013-2014 96
scnbsed to cDNA following the procedures described by Schmitz Mato Grosso 2011-2014 ag
etal Mato Grosso 2013-2014 97
Mato Grosso 2013-2014 100
2.4 Cytochrome b sequencing Mato Grosso 2013-2014 100
The whole cytochrome b gene was sequenced according to the Mato Grosso 2013-2014 99
method described by Schmitz etal,® using the primer pair KES Mato Grosso 2013-2014 78
1158 fw (5" CAGTAGCCTAAAGAAGGGTGTTAA 3°) and KES 1159 v Mato Grosso 2013-2014 88
(5" CCCGTTGAATATCTTGACATCTTAC 3°) for amplification of the Mato Grosso 2013-2014 94
whole gene with the following PCR programme for amplification: Mato Grosso 2013-2014 95
initial heating at 98°C for 155, 35 cycles at 98°C for 105, 64°C for Mato Grosso 2013-2014 93
Ssand 72°Cfor 45, followed by a final amplification step at 72 °C Mato Grosso 2013-2014 95
for 1 min. Mato Grosso 2013-2014 91
Mato Grosso 2013-2014 100
2.5 Pyrosequencing for F129L Mato Grosso 2013-2014 89
A pyrosequencing assay was developed using the Pyrosequenc- Mato Grosso 2013-2014 83
ing Assay Design software {Qiagen, Hilden, Germany). In a first Mato Grosso 2013-2014 94
step, the CYTB gene fragment, which contained the target Mato Grosso 2013-2014 93
sequence, was amplified in PCR reaction using 12.5 L of 2x Mato Grosso 2013-2014 98
Maxima Mastermix {Fermentas GmbH St., Leon-Rot, Germany), Mato Grosso 2013-2014 95
7.5 uk of bidest water, 2.5 pL of DNA and 1.25 pL of each primer: Mato Grosso 2013-2014 98
KES 438 (5 GGACACTAGTATGGGCGATTG 3) and KES 499 (8 Mato Grosso 2013-2014 A
Biotin - CATGTGAGGCGGTCTCATT 3'), under the following con- Mato Grosso 2013-2014 95
ditions: an initial heating step for 4 min at 95 °C, followed by 40 Mato Grosso 2013-2014 96
cycles with 155 at 94°C, 30 s at 55°C and 155 at 72 °C and a final Mato Grosso 2013-2014 93
step of 5 min at 72°C. Every template was applied in duplicate. Mato Grosso 2013-2014 9N
The subsequent pyrosequencing reaction of codon 129 was Mato Grosso 2013-2014 95
performed using the specific sequencing primer KES 500 {5 Mata Grosso do Sul 2013-2014 99
TTGTAATAATAGCGACAGC 3'). For single strand preparation, PCR Mato Grosso do Sul 2013-2014 98
products were immobilised on Streptavidin Sepharose beads (GE Mato Grosso do Sul 2013-2014 23
Healthcare, Little Chalfont, Bucks, UK) and cleaned up with ethanal Mato Grosso do Sul 2013-2014 94

(70%), denaturated with sodium hydroxide (0.2 M), washed in
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Table 1. Continued

Origin/state Season F129L (%)
Mato Grosso do Sul 2013-2014 76
Minas Gerais 2013-2014 52
Minas Gerais 2013-2014 52
Sao Paulo 2013-2014 52
Sao Paulo 2013-2014 58
Sao Paulo 2013-2014 30
Sao Paulo 2013-2014 47
Sao Paulo 2013-2014 57
Sao Paulo 2013-2014 57
Sao Paulo 2013-2014 58
$a0 Paulo 2013-2014 59
Sao Paulo 2013-2014 81
Sao Paulo 2013-2014 70
Sao Paulo 2013-2014 9
Sao Paulo 2013-2014 1"
Sao Paulo 2013-2014 14
Sao Paulo 2013-2014 49
Sao Paulo 2013-2014 3
Sao Paulo 2013-2014 56
Parana 2013-2014 95
Parana 2013-2014 78
Parana 2013-2014 36
Parana 2013-2014 94
Rio Grande do Sul 2013-2014 87
Rio Grande do Sul 2013-2014 96
Rio Grande do Sul 2013-2014 89

tris-acetate (10mM) and released into a mixture of annealing
buffer with the sequencing primer, implementing the Vacuum
Prep Worktable (Qiagen), following the instructions of the manu
facturer. Then, the samples were heated at 80°C for 3 min in an
incubator and cooled to rcom temperature, Pyrosequencing was
performed for sequence determination and allele quantification
using PyroMark Gold Q96 reagents {Qiagen) on a PSQ 96MA (Qia-
gen) machine as described by the manufacturer.

This method was used for quantitative detection of the
F125L mutation in field samples and monouredinial isolates
of P. pachyrhizi.

3 RESULTS

The F129L mutation was found in the CYTB gene sequencing in
some isolates (Table 2), while no other mutations were detected,
including G143A and G137R. The change of phenylalanine to
leucine at position 129 in all isolates and samples tested resuits
from the substitution of the first nucleotide of coden 129 'T'to 'C’
(TFT to CTT). The intron after codon 143 was present in all isolates
tested {Fig. 1).

The pyrosequencing assay developed is an efficient tool for
quantitative detection of F129L in R pachyrhizi field samples,
Different proportions of F129L mutation were detected, and
representative pyrograms with different frequencies of the F129L
mutation are given in Fig. 2. All samples from the 2013/14 season
from different regions of Brazil showed the F129L mutation, but
in different frequencies. Many samples (65%) showed a high
frequency {>90%) of F129L, 28% of them had between 50 and
90% of F129L and 7% of samples had frequencies less than 50%
of F129L {Table 1).

Table 2. Origin of Brazilian monouredinial isolates of Phakopsora
pachyrhizi and the presence of the F129L mutation in the cytochrome
bgene
F129L
Isolate Origin Season Genoype {9%)
3 South-west of Parana 2012-2013  Wild type? 0
7 South-west of Parana 2012-2013 F129L 99
11 South-west of Parana 2012-2013  Wild type 0
12 South-west of Parana 2012-2013 Wild type 0
14 South-west of Parana 2012-2013 Wild type 0
52 Centre-east of Parana 2012-2013 Wild type 0
54 Centre-east of Parana 2012-2013  Wild type 0
57 Centre-east of Parana 2012-2013  Wild type 0
61 Centre-east of Parana 2012-2013  Wild type 0
62 Centre-east of Parana 2012-2013  Wild type 0
63 Centre-east of Parana 2012-2013  Wild type 0
21 South-west of Parand 2013-2014 F129L 98
22 South-west of Parand 2013-2014 F129L 99
23 South-west of Parand 20132014 Wild type 0
28 South-west of Parand 20132014 F129L 96
29 South-west of Parana 2013-2014 F129L 100
40 South-west of Parana 20i3-2014 Fi129L 100
41 South-west of Parana 2013-2014  Wild type 0
N Centre-east of Parana 2013-2014 Wild type 0
92 Centre-east of Parana 2013-2014 Wwild type 0
93 Centre-east of Parana 2013-2014 F129L 96
94 Centre-east of Parana 2013-2014 F129L 96
95 Centre-east of Parana 2013-2014 F129L S0
96 Centre-east of Parana 2013-2014 Wild type 0
97 Centre-east of Parana 2013-2014  Wild type 0
98 Centre-east of Parana 2013-2014 Wild type 0
99 Centre-east of Parana 2013-2014  Wild type 1]
100 Centre-east of Parana 2013-2014  Wild type 0
71 Centre-south of Mato 2013-2014 F129L 95
Grosso
72 Centre-south of Mato 2013-2014 F129L a7
Grosso
73 Centre-south of Mato 2013-2014 F129i a8
Grosso
76 Centre-south of Mato 2013-2014  F129L 99
Grosso
i7 Centre-south of Mato 2013-2014 F129L 97
Grosso
78 Centre-south of Mato 2013-2014  Wild type 0
Grosso
81 Centre of Mato Grosso 20013-2014 F129L 99
82 Centre of Mato Grosso 20013-2014 F129L 100
84 Centre of Mato Grosso 2013-2014 F179L 93
85 Centre of Mate Grosso 2013-2014 F129L 98
86 Centre of Mato Grosso 2013-2014 F129L 99
87 Cenlre of Mato Grosso 2013-2014 F129L 100
88 Centre of Mato Grosso 2013-2014 F129L 100
3 F129L mutation not detected.

Monouredinial isolates showed 0% (wild type} or approximately
100% F129L mutation {F129L mutated isofate) (Table 2). Over-
all, the F129 mutation was detected in 21 of 41 isolates (51%)
{Table 2). From the state of Mato Grosso, 92% of strains carried
the mutation {all from the 2013-2014 season], and 32% from the
state of Parand. From season 2012-2013 to season 2013-2014,
the frequency of F129L strains in Parana increased from
9to 47%.
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Wild-type mRNA ‘AGCGACAGCH. TTRTAGGTTATGTACTACCGTATEGALAGATATCACTATGHGG |~~~ =~~~ ~~ ==
Wild-type DNA 'AGCGACAGCH. TTRTRGGTTATGTACTACCGTATEGALAGATATCACTATGHGGT]
F129L mRNA ‘AGCGACRGCH TTATAGETTATGTACTACCSTATEGALAGATATCACTRATGHGGT]
F129L DNA AGCGACRGCH TTRTAGGTTATG TACTACCGTATEGAEAGATATCACTATGHGGT
Fi29 Gi3T G143
B
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h
T T Intron
F129L | G143A
G137R

Figure 1. Gene sequencing of Phakopsora pachyrhizi cytochrome b and detection of the F129L mutation (A} and a schematic structure showing the
positian of codons 129, 137 and 143 and the intron (B). (A} The nucleotide sequences are alignments of ¢DNA and DNA of wild type and isolates with
F129L. The aligmment shows fragments of the sequence containing codons at pasitions 129, 137 and 143. Only the multation F129L was detected, and
no other, e.g. at 137 or 143. The intron starts directly after codon 143 and was present in all sequenced isolates. (B) The schematic structure shows the
cytochrome b genc (total of 2524 bp) and the interruption by the intron (1336 bp), which 1s located directly after codon 143. Arrows indicate where the

primer was designed for the PCR amplification step of the pyrosequencing analysis.
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Figure 2. Pyrograms showing the quantitative detection of the F129L mutation in the cytochrome b gene of Phakopsara pachyrhizi samples from Brazil,
The quantitative assessment programme calculated the percentage of the allelic bases C and T. The enzyme (E) and substrate {S) mixture containing APS

and luciferin are added before the first addition of nucleotide.

4 DISCUSSION AND CONCLUSIONS

The findings of this work revealed the occurrence of F129L muta-
tion in the CYTB gene in P pachyrhizi from soybean fields in Brazil,
This is the first report of mutations in the CYTB gene related to less
sensitivity to Qol fungicides, not onlyin P pachyrhizibut in any rust
species. In an earlier study on Qol sensitivity of £ pachyrhizi, with
isolates from 2009 and 2010, no F129L or any other mutation in the
CYTB gene was found.”

The F129L mutation has been reported in different plant-
pathogenic fungi, such as A solani'* Pyricularia grisea,'*
P teres'® ™' and P Iritici-repentis,'®'? as a mechanism for decreased

Qol sensitivity. In species where isolates with F1291 and G143A
have heen found {e.g. £ tritici-repentis, P. grisea), a direct compari-
son of such mutants on the effect on Qo! sensitivity showed that
the F129L mutation feads to a much lower sensitivity decrease
than the G143A mutation."” Glasshouse and field studies with
P teres have shown that the effect of the F129L mutation on the
field performance of pyraclostrobin is rather limited, and that
efficacy was good even in fields with a high frequency of F129L
in the population.'™"? A stronger decrease in efficacy of Qols has
been described for F129L mutants of A. solani.'® The effect of
the F129L mutation on the sensitivity of £ pachyrhizi and on the
efficacy of Qols needs further investigation.
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Our data show that the pyrosequencing assay is an appropri-
ate method for rapid and quantitative detection of F129L muta-
tion in field samples and monouredinal isolates. While different
frequencies of the F129L mutation were detected in populations
of P pachyrhizi from field samples, all monouredinial isolates had
an F129L frequency of either 0 or approximately 100%. A hetero-
plasmy of the CYTB gene, as has been reported in single cases for
Botrytis cinerea,'® has so far not been found in P pachyrhizi. This
shows that no or all CYT8B genes in a monouredinial isolate are
mutated. As CYTB is mitochondrial inherited and therefore present
in multiple copies in a cell, this Ainding is of importance for the
interpretation of guantitative results of F129L detection in field
samples {populations). In fact, this means that in a sample with
60% of F1291., 60% of the strains making up this sample population
carry the F129L, and 40% are wild type.

The relatively high frequency of F129L mutated monouredinial
solates and of the F129L in field samples (populations) indicates
that the continued use of Qols to control soybean rust has led to
the selection of F125L mutated individuals. Frequency of mutated
{resistant) strains in a population is positively influenced by
selection pressure by the fungicides on the one hand and neg-
atively influenced by any possible fitness costs caused by the
mutation conferring resistance on the other hand. Therefore, the
question as to whether the £125L mutation is accompanied with
fitness penalties is of great interest.

The dynamic of the F129L mutation in R pachyrhizi populations
in Brazil and the impact of this mutation on field efficacy of Qol
fungicides should be monitored in {uture seasons.
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INFORMATIVO 01/2017

INFORMACAO SOBRE CARBOXAMIDAS EM FERRUGEM DA SOJA
FRAC INTERNACIONAL
SDH!I- WORKING GROUP

Cumpre ao FRAC-BR através do presente informar
que durante o encontro do Working Group de SDHI do FRAC Internacional,
realizado no dia 7 de margo de 2017, foram discutidas informagées sobre a
IF'errugem Asidtica da Soja no Brasil, as quais foram compartithadas com o FRAC
Brasil através dc uma mensagem cnviada pela Sra. Kristin Klappach, lider do

Working Group.
Seeue abatxo o conteudo dessa mensagem.
"Durante « reunido do woking group do FRAC de SDHI
(SDHI FRAC WG), foram discutidas informagoes sobre «

sensibilidade de ferrugem da soja no Brasil.,

Este texto sera incluido nas minutas oficiais do SDHI FRAC
WG.

1de3
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Amostras de Ferrugem asidatica da soja vem sendo festadas
quanto o sua sensibilidude para SDHIs desde 2007. A
performance no campo dos fungicidas contendo SDHI
permanece em geral boa, mas pela primeira vez na safra
2015/16 e particularmente na safra 2016/17, ent dareas con
um historico intensivo do uso de SDHIs e em condi¢des de
alta presséo de doenga, foram detectados casos de redugéio
de performance das mesmas. Em adigdo, a caracterizagdo
inicial das populagdes coletadas em 2015/2016 indicaram
wma mutagdo na subunidade C na posigdo 1861, A relevincia
e distribuicdo de tal mutagdo para a redugdo da sensibilidade
a SDHIs, parcialmente também observadas nas amostras de
2016/2017, estdo sendo investigadas. Programas intensivos
de monitoramento estdo sendo conduzidos para investigar o
magnitude ¢ releviancia destas descobertas.

SDHI FRAC WG ira se reunir quando novos dados de
monitoramento  estiverem disponiveis  (Maio/Junho) e as
recomendacdes para o proxima  sdafra 20172018 serdo
revisadas.

Lspécies de fungos podem apresentar mutagdes diferentes que
afetam os SDHIs. Algumas mutagies podem levar a diferentes
niveis de sensibilidade, dependendo da estrutura quimica do
ingrediente  ativo. Como  todos os SDIlls  apresentam
resisténcia cruzada, o gerenciamento da resistiéncia deve ser
o mesmo para todos os SDHIs. Todo o monitoramento e
recomendagdo aqui relatados referem-se a todo o grupo dos
SDHIs.

O SDHI FRAC WG deseju trabathar em conjunio com o

FRAC Brasil neste importanie tema.

2de3
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§ FUNQICIDE  RESISTANCE
TATTION COMMIT TEE

Vemos a forte necessidade de alinhar as recomendages
Juturas e esperamos que as recomendagdes para o uso de
SDHIs em soju permanegcam as mesmas até que novos dados
de sensibilidade estejam disponiveis ¢ o grupo de trabalho se

renna novamente para analisar os dados de monitoramen{o”.

Kristin Klappach
{Chairwoman of the FRAC SDHI Working Group)

Isto posto, considerando a relagéo cxistente entre o
I'RAC-BR ¢ o FRAC Internacional, bem como da comunica¢iio recebida, resta

finalizado o informativo que ora vai publicado.

Atenciosamente.

FRAC - BRASIL

Jde3
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Godoy et al. (2007) [Paragraph 71]

ISSM 1516-7860

Eficiéncia de fungicidas para controle da ferrugem
asiatica da soja, Phakopsora pachyrhizi, na safra
2006/07. Resultados sumarizados dos ensaios em
rede

As doengas que incidem na cultura da soja [Glycine max (L.) Merr.] tém assumido papel
importante na definigdo da produtividade da cultura, safra apds safra. As perdas anuais
de producio por doencas sao estimadas em cerca de 15% a 20% (Tecnologias, 2006). A
utilizagao de fungicidas para controle de doengas na cultura é uma pratica recente, tendo
iniciado os estudos com o surto epidémico de oidio [Erysiphe diffusa (Cooke & Peck) U.
Braun & S. Takam], na safra 1996/97. Posteriormente, o aumento da incidéncia das doengas
de final de ciclo [Septoria glycines Hemmi e Cercospora kikuchii (Tak. Matsumoto & Tomoy.)
M.W. Gardner), principalmente em fungdo do cuitivo intensivo e da auséncia de rotagéo de
culturas, também demandaram o registro de fungicidas. Com o surgimento da ferrugem
asiatica (Phakopsora pachyrhizi Syd. & P. Syd.}, no Brasil, em 2001 (Yorinon et al., 2005), e
a auséncia de cullivares resistentes para controle dessa doenga, novos produtos foram re-
gistrados. O uso de fungicidas foi intensificado por ser a unica ferramenta que evita redugbes
de produtividade na presenca da ferrugem. Informagdes sobre eficiéncia de fungicidas para
controle das diferentes doengas s&0 cada vez mais necessdrias para orientar a sua correta
utilizagao no campo.

Arede de ensaios para controle de doencas na cultura da soja surgiu durante a XXV Reuntdo
de Pesquisa de Soja da Regiao Central do Brasil, realizada no anc de 2003, em Uberaba
{MG), com o objetivo de fornecer resultados de pesquisa que auxiliem a assisténcia técnica
na escolha do fungicida para controle das diferentes doengas que incidem na cultura. O
delineamento dos ensaios em rede ndo tem como objetivo avaliar o momento da aplicagao
e o residual dos diferentes produtos, sendo ¢ Unico objetivo a comparagao dos produtos, em
uma mesma situagao. Ensaios comparando os diferentes produtos registrados, e em fase de
registro, sao realizados por instituicdes de pesquisa publicas e privadas, fundagoes, univer-
sidades e cooperativas (Godoy, 2005a,b). Na safra 2006/2007, 18 instituigdes participaram
da rede de ensaios, nas diferentes regibes produtoras: Embrapa Soja, Agenciarural/CTPA,
Instituto Biologico, Embrapa Cerrados; MClarmamoto, Fundagao MS para Pesquisa & Difusao
de Tecnologias Agropecudrias; Fundagdo Mato Grosso; Instituto Agrondmico de Campinas;
APTA Regional do Sudoeste Paulista / DDD; EPAMIG; Universidade Federal do Tocantins;
Universidade Federal Grande Dourados; Fundagao de Apoio a Pesquisa e Desenvolvimento
do Oesle Baiano; Agéncia Estaduat de Defesa Agropecudria da Bahia; Fundagao Agraria de
Pesquisa Agropecuaria; Universidade Tecnolégica Federal do Parand e Universidade Federal
de Santa Maria.

Durante a safra 2006/2007, seguindo os protocolos propostos para os “ensaios em rede”,
foram conduzidos ensaios para avalar a eficiéncia dos produtos registrados, e em fase de
registro, para controle da ferrugem asiatica da soja. Em fungdo do nimerc de produtos,
os tratamentos foram separados em dois ensaios, de acordo com o grupo dos fungicidas,
contemplando os triazéis em uma lista {Tabela 1) e as estrobilurinas, as misturas de triazdis
com estrobilurinas e as misturas de triazéis com benzimidazoéis em outra lista (Tabela 2). O
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18300-870, Capao Bonito, SP
edisonramosjr@aptaregional
sp.gov.br

tratamento com tebuconazole (Folicur®) foi comum nas duas listas. As listas de tratamentos,
o detineamento experimental e as avaliagdes foram padronizados para sumarizagio conjunta
aofinal da safra, sendo realizados de acordo com as normas para avaliagio e recomendacio

Fabiano V. Siqueri de fungicidas para a cultura da soja {(Reunido, 2006). De maneira geral, em cada local, os

Enge Agronomo ensaios (Tabela 1 e 2) foram realizados na mesma area experimental, e instalados no mesmo
Fundacao MT dia ou no dia sequinte com a inteng¢ao de realizar a andlise conjunta de todos os tratamentos.
Cx. Poslal 79

No enfanto, isso nao foi possivel uma vez que foi cbservada diferenga nos tratamentos em
comum nas duas listas {testemunha sem controle e Folicur®), provavelmente devido 4 variacio
das condigdes climaticas no momento da aplicacao.

Rondonopolis, MT
fabianosiqueri@fundacaomt.
com.br

0 delineamento expermental foi 0 de blocos ac acaso com quatro repeticdes, sendo cada repeti-
¢ao constituida de parcelas de 6 linhas x 5 metros, com variagdes entre locais, Foram realizadas

Heraldo R. Feksa
Enge Agrénomo, MS.c

FAPA

Praga Nova Pétria, sin
85139-400, Guarapuava, PR
heraldo@agraria.com.br

Idalmir dos Santos
Eng® Agrénomo, Dr

Tabela 1. Tratamentos com fungicidas do grupo dos triazéis para controle da ferrugem

asiatica da soja.

Ingrediente ativo

Produto comercial

Dose (L p.c.ha™)

s - 1. Testemunha
Cx. Postal 571 2. ciproconazole Alto 100 0,30
85503-390, Pato Branco, PR 3. ciproconazole + propiconazole Artea 0,30
idalmir@utfpr.edu.br 4. difenoconazole Score 0,20
. 5. epoxiconazole Soprano 0,40
Ivani O, N Lopes 6. epoxiconazole Virtue 0,40
Matematica, MS.c X 4
Embrapa Soja 7. fluquinconazole Palisade 0,25
Cx. Postal 231 8. flutriafol impact® 0,50
86001-970, Londrina, PR 9. miclobutanii Systhane 0,40
negrac@cnpso.embrapa.br 10. propiconazole Juno 0,50
José Nunes Junior 11. tebuconazole ngl 0,50
Eng® Agrénomo, Dr. 12. tebuconazole Folicur 0,50
CTPA 13. tehuconazole Orius 0,40
Av. Assis Chateaubsiand, 1491 14. tebuconazole Tebuconazole Nortox 0,50
74130-012, Goiania, GO 15. tet | Emi t 0.40
. . tetraconazole minen I
16. tetraconazole Domark 0,50
Marcio A. Ito 17. metconazole Caramba 0.60
Enge Agrénomo, MS.c. 18. prothioconazole Proling® 0,30

Apt Regional do Sudoeste
Paulista - DDD

Cx. Postal 33

15270-000, Tatui, SP
akirai@aplaregional.sp.gov.br

Marcos M. lamamoto
Eng® Agronomo, Dr.

'adicionado Aureo 250 mL ha '; “adicionado Oppa 1% viv; *produto em fase de regisiro no MAPA

Tabela 2. Tratamentos com fungicidas do grupo das estrobilurinas, das misturas de
triazéis com estrobilurinas e das misturas de triazdis com benzimidazois

Ingrediente ativo

Produto comercial

Dose (L p.c.ha™

MClamamolo 1. Testemunha

Rua Prof. José Augusto 2. azoxistrobina Priori' 0,20
1488321 a,ﬁiﬂ&ﬁ'g 3. picoxistrobina Aproach’ 0,20
iamamoto@asbyte.com.br 4. ciproconazole + azoxistrobina Priori Xtra' 0,30
5. ciproconazole + frifloxistrobina Sphere? 0,30
Margarida F. lto 6. epoxiconazole + piraclostrobina Opera 0,50
Bidloga. ?:é 7. propiconazole + trifloxistrobina Stratego2 0,40
Cx. Postal 28 8. tebuconazole + trifloxistrobina Nativo® 0,50
13001-970, Campinas, SP 9. flutriafol + tiofanato metilico Impact Duo® 0,60
mfito@iac.sp.gov.br 10. flutriafol + tiofanato metilico Celeiro® 0,60
Mauricio C. Meyer 11. ﬂylriafol + carbenc?azip Battle* ) 0,60

Eng® Agronoma, Dr. 12. ciproconazole + picoxistrobina Alto 100 + Aproach 024 +024
Embrapa Soja 13. tebuconazole Folicur 0.50

Cx. Postal 131
65800-000, Balsas, MA
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'adicionado Nimbus 0,5% viv; Zadicionado Aureo 250 mi_ha™; *adicionade Aureo 0,25% viv, *adicionado Oppa 1%

wiv; ®adicionado Iharol 1% viv

SYNGENTA EXHIBIT 1038
SYNGENTA v. UPL, PGR2023-00017



mauricio@embrapabalsas.
com.br

Moab D. Dias

Eng* Agrénoma, MS.c
UFT

Cx. Postal 66
77402-970, Gurupi, TO
moab@utft.edu.br

Mdnica C. Martins
Eng® Agrénoma, Dra.
Fundacao Bahia

Av. Ahylon Macedo, 11
47806-180, Barreiras, BA
soja@fundacaoba.com.br

Nailton S. Almeida
Eng® Agronomo, MS.c
ADAB

Av, Ahylon Macedo, 196
47806-180, Barreiras, BA
nailten nap@aiba.org.br

Newton S. Andrade

Eng® Agronomo, especialista
em f{iscalizagio

ADAB

Av. Ahylon Macedo, 196
47806-180, Barreiras, BA
newandrade@uol.com.br

Paulino J. M. Andrade
Eng® Agréonomo, MS.c
Embrapa Soja

Cx Postal 39

79560-000, Chapadao do Sul,
MS
paulino@fundacaochapadao.
com.br

Plinio 1. M. Souza
Eng* Agrénomao, Ph.D.
Embrapa Cerrados

Cx Postal 08223
73301-970, Planaltina, DF
plinio@cpac.embrapa.br

Ricardo S. Balardin
Eng® Agronomo, Ph.D.
UFSM

Cx. Postal 5025

97 111-970, Sanla Maria, RS
balardin@balardin.com

Ricardo Barros

Eng® Agronomo, MS.c
Fundacdo MS

Cx. Postal 105

79150-000, Maracaju, MS
ricardobarros@coocagn.coop.br

Sergio A. da Silva
Bidlogo

Embrapa Cerrados

Cx. Postal 08223
73301-970, Planaltina, DF
abud@cpac.embrapa.br
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aplicagbes nos estadios R1/R2 (florescimento/ florescimento pleno) e reaplicagdes em R5.1 (inicio
da formacao de gréos) ou 21 dias apés a primeira aplicagéo. Para aplicagdo dos produtas, foi
utilizado pulverizador costal pressurizade com CO, e volume de aplicagdo de 1502 200 L. ha

Foram realizadas avaliagdes da severidade da ferrugem no momento da aplicagdo dos pro-
dutos @ semanalmente, da severidade de outras doengas, da desfolha quande a testemunha
apresentava ao redor de 80%, da produtividade, nos 5m? centrais de cada parcela e do peso
de 1000 sementes. As avaliagdes de severidade foram realizadas com auxilio de escalas
diagramaticas (Martins et al., 2004; Godoy et al., 2006) para diminuir a variagdo da estimativa
entre os locais. Para anélise conjunta foram utilizadas as avaliagdes de severidade, realizada
proximo a R6 (vagens com 100% de granagao), e produtividade.

Foram realizados 19 ensaios com os produtos da Tabela 1 e 20 ensaios com os produtos da
Tabela 2, nas principais regides produtoras, por diferentes instituicdes (Tabela 3). A redugao
de produtividade, em porcentagem, foi calculada comparando a testemunha sem controle
ao melhor tratamento de cada ensaio, sendo cbservada maior redugdo para 0s ensaios
aplicados com sintomas, no momento da primeira aplica¢do, quando comparado com os
ensaios aplicados sem sintornas, indicando maior agressividade da doenga. Esse fato ja
era esperado uma vez que a ferrugem & uma doenga policiclica (vérios ciclos do fungo em
um tnico ciclo do hospedeiro) e quanto mais cedo ocorre sua incidéncia na cultura maior a
probabilidade de ocorrer redugio de produtividade, caso as condigdes climaticas favorecam
a evolugao da doencga.

As maiores reducdes de produtividade foram cbservadas nos ensaios realizados pela Em
brapa Cerrados, em Planaltina, DF, e as menores nos ensaios realizados pela Universidade
Federal de Tocantins, em Alvorada, TO (Tabela 3).

Os ensaios para a sumarizagio conjunta foram selecionados de acordo com critérios esta-
tisticos e técnicos. Foram realizadas andlises de variancia exploratéria, para cada local. Nas
analises individuais foram verificadas a significancia do efeito de blocos, o quadrado médio
residual, o coeficiente de variacao, a assimetria, a curtose, a normalidade da distribuicao
de residuos (Shapiro & Wilk, 1965), a aditividade do modelo estatistico {Tukey, 1949) e a
distribuicdo de variancias, por meio do teste de Burr & Foster (1972).

Além dos critérios estatisticos, caracteristicas técnicas como severndade da doenga no frata

mento testemunha em R6, correlacfies entre as varidveis severidade e produtividade e diferenca
estatistica entre os tratamentos também auxiliaram na sele¢io dos ensaios. Para a lista de
tratamentos com triazéis {(Tabela 1) foram ufilizados 13 ensaios na andlise conjunta {locais 1

2,3,6,7,8,9, 10, 11, 13, 14, 17, 18), sendo sete com sintomas na primeira aplicagio e seis
sem sintomas na primeira aplicagio. Para a lista de tratamentos com estrobilurinas e misturas
(Tabela 2) foram utilizados 10 ensaios na sumarizagio conjunta (locais 1, 2, 3, 6,7, 8, 9, 10
11, 18) sendo cinco sem sintomas na primeira aplicacdo e cinco com sintomas. E importante
ressaltar que mesmo vma aplicagao sem sintomas pode ter sido reatizada de forma curativa,
uma vez que a ferrugem apresenta um periado de incubacgdo no qual ndo s8o observados
sintomas, embora ja esteja ocorrendo o processo de colonizagéo do fungo na folha,

As andlises exploratérias para cada local e as andlises conjuntas dos resultados dos ensaios
foram realizadas utilizando o teste de comparag¢do multiplas de médias Tukey (p=0,05), no
programa SAS/STAT® (2001).

Como os locais nao foram os mesmos na andlise dos dois grupos (Tabela 1 e 2) os resultados
n3o podem ser comparadas como um ensaio nico, sende a apresentacgao dos resultados e
discusséo realizada separadamente

Triazois
Na anélise conjunta dos 13 ensaios, todos os tratamentos apresentaram severidade estatisti
camente inferior & testemunha sem controle (Tabela 4). Os tratamentos que apresentaram a
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Tabela 4. Severidade da ferrugem, proxima ao estadio R6, para os diferentes tratamentos (p.c. = produto comercial).
Todos os locais {média de 13 ensaios), locais com a primeira aplicagao realizada sem sintomas (média de seis
ensaios) e locais com a primeira aplicagio realizada com sintomas (média de sete ensaios). Safra 2006/07.

Severidade (%)
Tratamento (p.c.) {ngrediente ativo e dose (L p.c. ha™) Todos Sem Com
locais sintomas sintomas
1. Testemunha 59 A 54 A 63 A
2. Alto 100 ciproconazole 0,3 33H 33 DEFG 33FG
3. Artea ciproconazole + propiconazole 0,3 28| 27 GHIJ 29 GH
4, Score difenoconazole 02 47 BC 43 BC 518
5. Soprano epoxiconazole 0.4 43CD 39BCD 47 BC
6. Virtue epoxiconazole 04 IBEFG 28 FGHI 43 CD
7. Palisade’ fluquinconazole 0,25 48 B 45B 508
8. Impact® flutriafol 0.5 34 GH 31 EFGH 36 EF
9. Systane miclobutanil 04 47 8C 42 BC 50B
10. Juno propiconazole 0,5 40 DE 35 DEF 44 C
11. Rival tebuconazole 0,5 24 1) 22 UK 26 Ht
12 Folicur tebuconazole 05 23J 22 UK 24 Hi
13. Orius tebuconazole 0.4 234 21 JK 25HI
14. Tebuconazole Nortox tebuconazole 0,5 224 18K 25 HI
15. Eminent tetraconazole 04 35 FGH 31 EFGH 37 DEF
16. Domark tetraconazole 0,5 39 DEF a7 CDht 40 CDE
17. Caramba metconazole 0,6 27 23 UK 29 GH
18. Proline’ prothicconazoie 0,3 23J 24 HIUK 211
Ccv 18 20 17

Medias seguidas de mesma letra na coluna nao diferem entre si pelo tesle de Tukey {p=0,05)
'adicionado Aures 250 mi.ha™'; “adicionado Oppa 1% viv; *produto em fase de registro no MAPA

maior severidade foram fluquinconazole (T7), difenoconazole
{T4) e miclgbutanil {T9). Os tratamentos com a menor seve-
ridade foram prothioconazole (T18), os quatro tratamentos
com produtos comerciais 3 base de tebuconazole (T11,T12,
T13 e T14) e metconazole (T17). Aeficiéncia de controle para
o melhor tratamento foi de 62%, sendo considerada baixa. A
baixa eficiéncia de controle ocorreu devido ao numero fixo
de duas aplicagbes, estabelecidas no protocolo inicial, e
longa intervalo para a realizagdo da segunda aplicacdo, que
foi realizada em R5 ou 21 dias apés a primeira aplicagaoc.
As condigdes climaticas da safra 2006/07 favoreceram a
evolugao da doenga na maioria dos locais, contribuindo para
a diferenciagao entre os produtos. A severidade apresentou
alta correlagdo com a produtividade (r=-0,95) na analise
utilizando os 13 locais.

Na andlise, separando 0s ensaios com e sem sintomas no
momento da aplicagio, de maneira geral, os tralamentos
mais e menos eficientes mantiveram-se no mesmo grupo
estatistico da andlise conjunta com os 13 ensaios, sendo
observadas pequenas mudangas na ordem dos tratamentos.
Mesmo nos ensaios sem sintomas na primeira aplicagao, a
evolugdo da doenga foi suficiente para observar diferenca
de eficiéncia entre os tratamentos.

As maiores produtividades, na analise dos 13 ensaios, fo-

ram observadas para os tratamentos com prothioconazole
(T18) & com tebuconazole (T12, T13 e T14) (Tabela 5). A
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produtividade dos tratamentos com fluguinconazole (T7),
difenoconazole (T4) e miclobutanil (T9) ndo diferiu estatisti
camente da testemunha sem controle. A redugio de produ-
tividade, comparando a testemunha e o melhor tratamento,
foi de 36%. Para 0s ensaios sem sintomas na aplicagéo a
reducao de produtividade foi de 27% e para 0s ensaios apl-
cados com sintomas, 47%, Para os ensaios realizados sem
sintomas na primeira aplicagao, as maiores produtividades
foram observadas para os tralamentos com prothioconazole
(T18), tebuconazole (T11, T12, T13 e T14) e ciproconazo-
le + propiconazole (T3). Para os ensaios aplicados com
sintomas, além dos tratamentos descritos anteriormente,
ciproconazole (T2) e metconazole (T17) apresentaram as
maiores produtividades.

A média de produtividade do tratamento testemunha nos
ensaios aplicados sem sintomas foi de 2131 kg.ha™', sendo
superior a media do tratamento testemunha nos ensaios
aplicados com sintomas (1075 kg.ha'), evidenciando
novamente a maior severidade da doenga em fungéo da
ocorréncia mais cedo em relagido ao ciclo da cultura, As
produtividades maximas observadas nos ensaios aplica
dos sem e com sintomas foram de 2936 e 2013 kg.ha™,
respectivamente, evidenciando a necessidade de um maior
nimero de aplicagdes para controle eficiente da doenga.
No entanto, o limitado ndmero de aplicagdes favoreceu a
diferenciagao entre os produtos, sendo esse o objetivo dos
ensaios em rede.
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Tabela 5. Predutividade para os diferentes tratamentos (p.c. = produto comercial). Todos os locais {média de 13
ensaios), locais com a primeira aplicagio realizada sem sintomas (média de seis ensaios) e locais com a
primeira aphcacao realizada com sintornas (média de sete ensaios). Safra 2006/07.

Produtividade (kg.ha’)

Tratamento (p.c.) Ingrediente ativo e dose (L p.c. ha b == foaos Sem Com
locais sintomas sintomas
1. Testemunha 1662 | 2131 H 1075 H
2. Alto 100 ciproconazole 0,3 2163 CD 2600 CDEF 1788 ABC
3. Artea ciproconazole + propiconazole 0,3 2211 BCD 2695 ABC 1796 ABC
4. Score difenoconazole 0,2 1706 GHI 2256 GH 1235 GH
5. Soprano epoxiconazole 04 1857 FG 2396 DEFGH 1386 EFG
6. Virtue epoxiconazole 0.4 1823 FGH 2354 EFGH 1520 DEF
7. Palisade’ fluquinconazole 0,25 1643 HI 2164 H 1271 FGH
8. Impact’ flutriafol 05 2120 DE 2632 BCDE 1682 BCD
9. Systane miclobutanil 04 1739 GHI 2235H 1441 DEFG
10. Juno propiconazole 0.5 1892 FG 2310 FGH 1557 CDE
11. Rival tebuconazole 0.5 2220 8CD 2668 ABCD 1900 AB
12. Folicur tebuconazole 05 2382 AB 2836 A 1908 AB
13. Orius tebuconazole 0.4 2319 ABC 2812 ABC 1897 AB
14. Tebuconazole Nortox tebuconazole 0,5 2254 ABCD 2800 ABC 1865 AB
15. Eminent tetraconazole 0.4 1855 FG 2384 DEFGH 1553 CDE
16. Domark tetraconazole 0,5 1967 EF 2548 CDEFG 1469 DEFG
17. Caramba metconazole 0,6 2092 DE 2632 BCDE 1784 ABC
18. Proline® prothioconazole 03 2430 A 2917 AB 2013 A
CV. (%) 13 11 16

Médias seguidas de mesma letra na coluna nao diferem enlre si pelo teste de Tukey (p<0 05)
'adicionado Aureo 250 mL ha'; “adicionado Oppa 1% wiv; *produto em fase de registro no MAPA

Estrobiiurinas e misturas

Na andlise conjunta dos 10 ensaios com estrobilurinas e
misturas de triazdis com estrobilurinas e triazdis com ben-
zimidazdis, todos os tratamentos apresentaram severidade
estatisticamente inferior 4 testemunha sem controle (Tabela
6). Os tratamentos que apresentaram a maior severidade
foram azoxistrobina (T2}, picoxistrobina (T3}, propiconazole
+ trifloxistrobina (T7) e flutriafol + tiofanato metilico (T9). Os
tratamentos com a menor severndade, sendo eslatisticamente
diferentes dos demais, foram tebuconazole + trifloxistrobina
(T8), ciproconazole + azoxistrobina (T4), ciproconazole +
trifloxistrobina {T5), ciproconazole + picoxistrobina (T12) e
o triazol tebuconazole (T13). A maior eficiéncia de controle
foi de 70%, sendo considerada baixa. A baixa eficiéncia de
controle ocorreu devido ao ndmero fixo de duas aplicacbes,
estabelecidas no protocolo inicial, e longo intervalo para a re-
alizagao da segunda aplicagao, que foi realizadaem R5.1 ou
21 dias apos a primeira aplicacfo. A avaliacado de severidade
apresentou alta correlagdo com produtividade {r=-0,94).

Na andlise separando os ensaios sem e com sintomas no
momento da aplicagdo, os tratamentos com a menor severi-
dade foram tebuconazole + trifloxistrobina (T8), tebuconazole
{T13) e ciproconazole + trifloxistrobina (T5), para os ensaios
aplicados sem sintomas, e ciproconazole + azoxistrobina
(T4), ciproconazole + trifloxistrobina (T5), ciproconazole +
picoxistrobina (T12) e tebuconazole + trifloxistrobina (T8),
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para 0s ensaios com sintomas na primeira aplicacao. A
analise separando os ensaios de acordo com a incidéncia
no momento da aplicagao foi semelhante & andlise usando
todos os ensaios, sendo cbservada somente inversdo na
ordem dos tratamentos com as menores severidades.

Todos os tratamentos apresentaram produtividade estatis-
ticamente superior ao tratamento testemunha (Tabela 7),
sendo as maiores produtividades observadas para os trata
mentos com azoxistrobina + ciproconazole (T4), picoxistro-
bina + ciproconazole {T12), ciproconazole + trifloxistrobina
(TS) e tebuconazole {T13), considerando a analise com
todos os 10 locais. Para os ensaios aplicados sem sintomas
0s tratamentos com epoxiconazole + piraclostrobina (T6) e
tebuconazole + trifloxistrobina {T8) lambém apresentaram
as maiores produtividades, juntamente com os produtos
descritos anteriormente. Na andlise dos ensaios aplicados
com sintomas, as maiores produtividades foram observadas
para os tralamentos com ciproconazole + azoxistrobina
{T4), picoxistrobina + cipraconazole (T12), tebuconazole
+ trifloxistrobina (T8), tebuconazole (T13), ciproconazole +
trifloxistrobina (T5), picoxistrobina (T3).

De maneira semelhante 4 observada nos ensaios com triazdis
{Tabela 5), para os ensaios com estrobilurinas e misturas, a
média de produtividade do tratamento testemunha nos ensaios
aplicados sem sintomas foi superior a media do tratamento
testemunha nos ensaios aplicados com sintomas, sendo de
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Tabela 6. Severidade da ferrugem, proxima ao estadio R6, para os diferentes tratamentos (p.c. = produto comercial).
Todos os locais {(média de 10 ensaios), locais com a primeira aplicagio realizada sem sintomas (média de cinco
ensaios) e locais com a primeira aplicacio realizada com sintomas (média de cinco ensaics). Safra 2006/07

 Severidade (%)

Tratamento (p.c.) Ingrediente ativo e dose (L p.c. ha™) Todos Sem Com
locais sintornas sintomas
i. Testemunha 61 A 62 A 60 A
2. Priori’ azoxistrobina 02 2B 368 28 BC
3. Aproach’ picoxistrobina 02 29 BCD 33BC 25CD
4. Priori Xtra' ciproconazole + azoxistrobina 0.3 i9E 22 EF 15G
5. Sphere? ciproconazole + trifloxistrobina 0,3 19E 22 FG 17 FG
6. Opera epoxiconazole + piraclostrobina 0,5 26 CD 29CD 24 CDE
7. Stratego® propiconazole + trifloxistrobina 04 29 BC 25 DEF 32B
8. Nativo® tebuconazole + trifloxistrobina 0,5 18E 16 G 19EFG
9. Impact Duo* flutriafol + ticfanato metilico 0,6 29 BCD 33 BC 25CD
10. Celeiro® flutriafol + tiofanato metilico 0.6 28 CD 33BC 22 DE
11, Battlg? fiutriafot + carbendazin 0,6 25D 28 CDE 22 DE
12. Alto 100 + Aproach’ ciproconazole + picoxistrobina 0,24 + 0,24 20E 22 EF 17 FG
13. Folicur tebuconazole 05 E 21 FG 21 DEF
cv 19 20 17 :

Médias seguidas de mesma letra na coluna nao diferem enlre si pelo 1este de Tukey (ps0,05).

'adicionado Nimbus 0,5% viv; 2adicionado Aureo 250 mL.ha''; *adicionado Aures 0,25% viv; *adicionada Gppa 1% viv; *adicionado Iharol 1% viv

2238 kg.ha' e 1227 kg.ha', respectivamente, evidenciando
novamente a maior agressividade da doenga em fungao da
incidéncia mais cedo em relagio ao ciclo da cultura.

A amplitude de diferenga de produtividade entre os trata-
mentos com triazois (Tabela 5) foi maior quando comparada
com os tratamentos com estrobilurinas e misturas (Tabela 7).
Considerando somente as analises com todos locais, para
os triazdis (Tabela 5), a diferenga entre a produtividade do
tratamento mais eficiente {prothioconazole - T18) € menos
eficiente (fluquinconazole - T7) foi de 787 kg.ha™', sem con-
siderar a testemunha sem aplicagcdo de fungicida. Para os
ratamentos da Tabela 2, a diferenga entre a produtividade
do tratamento mais eficiente {ciproconazole + azoxistrobina
-T4) e menos eficiente {propiconazole + trifloxistrobina - T7)
foi de 575 kg.ha'' (Tabela 7).

As andlises conjuntas foram separadas em sem e com
sintomas na primeira aplicagio, mas & importante ressaltar
que mesmo uma aplicagio sem sintomas pode ter sido cura
tiva, considerando o periodo de incubagao (infecgio até a
manifestacdo dos sintomas) do fungo e que a doenga pode
ocorrer em qualquer estadio fenoldgico da cultura.

Embora os resultados obtidos para os tratamentos das Tabe-
la 1 e 2 ndo sejam comparaveis, devido aos locais envolvidos
na andlise serem diferentes, pode-se observar que o trata-
mento com tebuconazole (Folicur®), comum nas duas listas,
ficou no melhor agrupamento nos dois ensaios, permitindo
comparar o agrupamento com a maior eficiéncia de controle
das duas listas. Desta forma, os tratamentos com as maiores
eficiéncias de controle, de acordo com 0s ensaios em rede
realizados na safra 2006/07, foram prothioconazole (T18),
0s quatro tratamentos com produtos comerciais a base de
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tebuconazole (T11, T12, T13 e T14) e metconazole (T17) da
Tabela 1 e lebuconazole + trifloxistrobina (T8), ciproconazole
+ azoxistrobina (T4), ciproconazole + trifloxistrobina (T5),
ciproconazole + picoxistrobina {T12) e o triazol tebuconazole
(T13), da Tabela 2, considerando a variavel severidade na
andlise conjunta dos 13 e 10 ensaios, A varidvel severida-
de apresentou alta correlagdc com produtividade {r=-0,95
para os ensaios com triazdis e r=-0,94 para 0s ensaios com
estrobilurinas e misturas), indicando que a ferrugem foi o
principal fator que causou reducéo da produtividade, nos
ensaios analisados.

Sintomas de fitotoxicidade, do tipo clorose internerval (“folha
carijd™), foram observados em alguns locais para os trata-
mentos com tebuconazole, prothioconazole e metconazole, o
que, aparentemente, ndo comprometeu a produtividade nos
ensaios, uma vez que os tratamentos com tebuconazole e
prothioconazole apresentaram as maiores produtividades.

Embora ocorram diferentes grupos de eficiéncia na analise
conjunta dos resultados, & importante salientar que os produ-
tos podem ter a mesma eficiéncia no campo, em condi¢des
de baixa pressao da doenga. Essa diferenca na eficiéncia
dos produtos é mais facll de ser observada em situagdes
ande a ferrugem ocorre de forma mais severa. O delinea-
mento dos ensaios em rede e a selecio dos ensaios para a
sumarizac¢do conjunia tém como objetivo selecionar os locais
onde a doenca foi mais agressiva para verificar a diferenga
entre produtos nas situagdes mais criticas. Apesar da maior
eficiéncia de controle cbservada para alguns produtos, esse
fato nao implica em flexibilidade de aplicagdo. Os produtos
devem ser utilizados nos sintomas iniciais (tragos da doenca)
ou preventivamente, levando em conta os fatores necessa-
rios ao aparecimento da ferrugem (presenga do fungo na
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Tabela 7. Produtividade para os diferentes tratamentos (p.c. = produto comercial). Todos os locais (média de 10
ensaios), locais com a primeira aplicagao realizada sem sintomas {média de cinco ensaios} e locais com a
primeira aplica¢ao realizada com sintomas (média de cinco ensaios). Safra 2006/07.

Produtividade (kg.ha™)

Tratamento (p.c.} Ingrediente ativo e dose (L p.c. ha™y Todos Sem Com
locais sintomas sintomas
1. Testemunha 1733 G 2238 F 1227 G
2. Priort’ azoxistrobina 0.2 2431 EF 2973 DE 1889 DEF
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. Sphere? 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 + frifloxistrobina 0.4 2268 F 2815E 1750 F
8. Nativo® tebuconazole + trifloxistrobina 0.5 2606 BCDE 3171 ABCDE 2155 ABC
9. Impact Duo’ flutriafol + tiofanato metilico 06 2473 DE 3097 BCDE 1848 DEF
10. Celeiro® flutriafol + tiofanato metilico 0.6 2441 EF 3053 COE 1828 EF
11. Battle* flutriafol + carbendazin 06 2502 CDE 3073 BCDE 1931 CDEF
12, Alto 100 + Aproach'  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

Médias seguidas de mesma lelra na coluna nao diferem entre si pelo teste de Tukey (ps0,05).
ladicionado Nimbus 0,5% viv; “adicionado Aureo 250 ml.ha™"; *adicionado Aureo 0,25% viv, *adicionado Oppa 1% viv; *adicionado Iharol 1% viv

regido, idade das plantas e condicio climéatica favoravel),
a logistica de aplicagao {(disponibilidade de equipamentos
& tamanho da propriedade), a presenga de outras doengas
e o custo do controle. As reaplicacdes dos produtos devem
levar em conta o monitoramento da doenga na lavoura, uma
vez que o residual pode variar entre produtos e em fungao
das condi¢des climaticas.
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APLICACOES DE FUNGICIDAS VISANDO O CONTROLE DA
FERRUGEM ASIATICA (Phakopsora pachyrhizi) DA SOJA,
ESTADO SAO PAULO, SAFRA 2010/11

FURLAN, S.H."; FONTES, J.C.*; FRANCO, D.A.S."

" Instituto Biologico, C. P 70, CEP 13.012.970, silvania @ biologizo.sp.gov br, * Plantee, C.P 38, Iracemapolis, SP:

A ferrugem asiatica (P pachyrhizi)
constitui-se na doenga que mais prejuizos
tem ocasionado na cultura da soja desde
a safra 2001/02. A principal medida para o
seu controle tem sido o uso de fungicidas
aplicados em parte aérea. Através de
ensaios cooperativos em diversas regioes
produtoras do pais tem-se avaliado por
varias safras a eficiéncia de misturas de
triazois + estrobilurinas e triazdis isolados.
O objetivo desse trabalho foi verificar o
comportamento de novos fungicidas e
aqueles ja recomendados no controle desta
doencga e no rendimento da cultura.

O ensaio foi conduzido com a
cultivar BMX Poténcia RR, municipio de
Iracerapolis, SP, com semeadura realizada
tardiamente, em 28/01/11, visando obter
maior pressao de uredosporos durante o
cultivo, visto que a ocorréncia da doenga
for tardia nesta safra. Os produtos e doses
utilizadas constam na Tabela 1, sendo
aplicados com pulverizador costal a base
de CO, volume de 200 L/ha, em dois
estadios de desenvolvimento da cultura, R1
(pre-florescimento} e R4 {crescimento de
vagens).

A doenca foi avaliada pela severidade
das plantas (% de area foliar atacada) na
area utit da parcela (duas linhas centrais),
nos estadios R5.2; R5.3 e R5.4; AACPD e
porcentagem de desfolha em R6. Realizou-
se a pesagem das parcelas colhidas em 5
m? para a determinagao da produtividade ¢
do peso de 1.000 graos. Ainda, atribuiram-
se notas de 1 a 4, de acordo com o grau de
fitotoxicidade, onde 1= sem sintomas, 2=
sintoma leve, 3= sintoma moderado e 4=
sintormna severo.

Foi utilizado o delineamento
experimental de l;locos ao acaso, com 18
tratamentos e quatro repeticoes. Os dados
foram interpretados estatisticamente por
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meio de analise de varidncia e as médias
comparadas pelo teste de Scott-Knott, a 5%
de probabilidade.

As condigdes climaticas foram
favoraveis ao desenvolvimento da ferrugem
asiatica, com irrigagdoes complementares
no periodo critico da cultura. A severidade
da doenga alcangou 86,0% nas plantas
testemmunhas em R5.4, enquanto os
tratamentos com fungicidas apresentaram
valores entre 15,3% a 60,8%. Os maiores
valores foram apresentados pelos
tratamentos com os triazois isolados, Alto
100 e Folicur. Entre as misturas, as mais
eficientes foram Horos + Nimbus, Fox +
Aureo, Aproach Prima + Nimbus e Opera
+ Assist com as maiores porcentagens
de controle relative (72,4 % a 83,7 %).
notadamente as duas primeiras, conforme
confirma a AACPD {Tabela 2).

Quanto a desfolha, Folicur e Alto
100 apresentaram os maiores valores. Os
tratamentos com as menocres porcentagens
foram Horos + Nimbus, Aproach Prima +
Nimbus, Opera + Assist, NTX 3200 + Assist
e ISB021 F + Nimbus {Tabela 3}.

Foram proporcionados acréscimos
significativos (45,1 % a 92,7 %) de
produtividade pela aplicagdo dos fungicidas.
Os maiores valores foram obtidos por
Aproach Prima + Nimbus, Priori Xtra +
Nimbus e Azimut + Nimbus {Tabela 3).

Os pesos de 1000 graos dos
tratamentos com  fungicidas  foram
superiores a testemmunha. Com excegio da
mistura de Nativo + Aureo, as demais foram
superiores aos triazois isolados (Tabela 3).

Houve fitotoxicidade de alguns
fungicidas nas plantas de soja da cv.
BMX Poténcia RR, principalmente pelos
tratamentos de niameros 14, 17 e 18, com
notas de 3 a 4, sequidos dos tratamentos 11
e 16, ambos com nota 2,5 (Figura 4).
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Tabela 1. Produtos e doses utilizados na cultura da soja, cv. BMX Poténcia RR, para o controle da
ferrugem asiatica, em duas aplicagoes, em R1 e R4. lracemapolis, SP. 2011.

Tratamento

1 Testemunha

2 Folicur

3 Alto 100

4 Priori Xtra + Nimbus (0,5% viv)

5 Opera + Assist (0,5 L/ha)

6 Nativo + Aureo (0,5 Uha}

7 Aproach Prima + Nimbus (0,45 L/ha}

8 SphereMax + Aureo {0,5 L/ha)

9 ISB0O21F (Domark XL) + Nimbus (0,5 L/ha)
10 Fox + Aureo (0.4 L/ha)

11 BAS 556 01F+ Assist (0,5 Uha)
12 ENVOY + Lanzar {0,3% viv)

13 NTX 3200 + Assist {0,5% viv)
14 NTX 3900 + Assist {0,5% viv)

15 Plantvax 750 WP + Silwett {0,05%)

16 Azimut + Nimbus (0 5% viv)
17 Horos + Nimbus (0,5% viv)

18 MILFF 0453 + Nimbus (0,5% viv)

Ingrediente ativo Dose
Lp.c ha'
tebuconazol 0,50
ciproconazol 0,30
azoxistrobina & ciproconazol 0,30
piraclostrobina & epoxiconazol 0,50
Infloxistrobina & tebuconazol 0,50
picoxistrobina & ciproconazol 0,30
trifloxistrobina & ciproconazol 0,15
azoxistrobina & letraconazol 0,50
tnfloxistrobina & protioconazol 0,40
piraclostrobina & metconazol 0,50
piracloslrobina & epoxiconazot 0,60
azoxistrobina 0,35
azoxistrobina & tebuconazol 0,50
oxicarboxim 1,20
azoxistrobina & tebuconazol Q0,50
picoxistrobina & tebuconazol 0,50
azoxistrobina & epoxiconazol 0,60

Tabela 2. Porcentagem de severidade da ferrugem asiatica da soja, AACPD e porcentagem de eficacia

relativa. lracemapolis, SP, 2011,

Tratamentos Dose Severidade Ferrugem Asiatica AACPD Eﬁcé.c]a
RS.2 R5.3 R5.4 relativa
Lpc ha' % - %
1 Testemunha 525a 750a 86.0a 13100 a
2 Folicur 0.50 2880 4130 5730 7910b 41,6
3. Alto 100 0,30 325b 4500 608 b 8544b 36,5
4. Priori Xtra + Nimbus (0,5% viv) 0,30 18,5¢c 268¢c 3 5¢c 5079¢c 62,4
5. Opera + Assist (0,5 L/ha) 0,50 150d 19.0d 26.5d 371.0d 72,4
6. Nativo + Aureo (0,5 L/ha} 0,50 213¢ 320¢ 428 ¢ 598.2¢ 556
7. Aprocach Prima + Nimbus (0,45 L/ha) 0,30 11.0d 150d 20,3d 2856d 78,8
B, SphereMax + Aureo (0,5 Lha} 0,15 193¢ 27.5¢ 3B6.5¢c 5156¢c 61,8
9 1SB0O21F (Domark XL} + Nimbus (0.5 Lfha) 0.50 175¢c 253c 330¢c 4694 ¢ 65,0
10. Fox + Aureg (0,4 L/ha) 0,40 13.8d 12,3d 18,5d 26349d 80,3
11. BAS 556 01F+ Assist (0,5 L/ha) 0,50 12.3d 16,3d 220d 3i1.2d 76,9
12. ENVOY + Lanzar {0,3% viv) 0.60 208cC 29.0c 380c 541.8¢c 59.5
13. NTX 3200 + Assist {0,5% viv) 0,35 200c 300c 403 ¢c 562,1¢c 58,3
14 NTX 3900 + Assist {0,5% viv) 0.50 148d 225c¢c 295¢ 4158 ¢ 69,1
15. Plantvax 750 WP + Silwett (0,05%) 1,20 308b 438b 6t31b 8435b 3ra
16. Azimut + Nimbus (0.5% viv) 0.50 195¢ 268¢c 323¢c 4B820¢c 63,5
17, Horas + Nimbus (0.5% viv) 0.50 93d 11.3d 153d 2188d B3,7
18. MILFF 0453 + Nimbus (0,5% viv) 0,60 180¢ 285¢ 345¢c 507,5¢c 61,7
_____CV_(;/.:) ........ 5 s 24___1099_902_ . —_1—0,5— -

Mcédias seguidas pela mesma latra nao diferem entre si pelo teste Scott-Knott.
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Tabela 3. Efeito de fungicidas na porcentagem de desfolha, na produtividade (kg/ha) e no peso de
1000 graos de soja (g).

Tratamentos Dose _[{e_sgélt_la} ) Produtividade Pe:?élgoo
Lpec ha'! % kgha' %AR g
1. Testemunha - 85,0a 858 e 155.0¢
2. Folicur 0,50 538b 1252 ¢ 45,0 1690b
3. Alto 100 0,30 645D 1245¢ 451 169.7 b
4. Prion Xira + Nimbus (0,5% viv) 0,30 26,3 ¢C 1579 a 840 17116
5. Opera + Assist (0,5 L/ha) 0,50 20,0d 1448 b 68,8 177.1a
6. Nativo + Aureo (0,5 L/ha) 0,50 320¢ 1502 b 75,0 168.2 b
7. Aproach Prima + Nimbus (0,45 L/ha) 6,30 16.3d 1653 a 92,7 1763 a
8. SphereMax + Aureo (0,5 Liha) 0,15 300¢ 1335¢ 55,6 182.1a
9, ISB0O21F {Domark XL} + Nimbus (0,5 Uha) 0,50 213d 1253 ¢ 46,0 177.5a
10. Fox + Aureo (0,4 Liha) 0,40 275¢ 1522 b 774 1789 a
11. BAS 556 01F+ Assist {0.5 L/ha) 0,50 238¢c 1323 ¢ 54.1 187.1a
12, ENVOY + Lanzar (0,3% viv) 0,60 270¢c 1505 b 754 175,5a
13. NTX 3200 + Assist {0.5% viv) 0,35 220d 1245¢ 451 176,53
14. NTX 3900 + Assist (0,5% viv) 0,50 26,3 ¢ 1367 b 593 1792a
15 Plantvax 750 WP + Silwett (0,05%) 1.20 620b 1049d 223 16550
16. Aztmut + Nimbus {0,5% viv) 0.50 255¢ 1557 a 814 1771a
17. Horos + Nimbus {0,5% viv) 0,50 16.3d 1452 b 68,2 1800 a
18. MILFF 0453 + Nimbus (0,5% viv) 0,60 250¢c¢ 1494 b 742 1789a
o CV (%) o - 11,09 9.%'1-“““-“_“ 447

AR {Aumento relativo); Médias seguides pela mesma letra nao diferem entre si pelo teste Scott-Knott

Notas de Fitotoxicidade (1 a 4)

o HHAHF nmﬂJ TR

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Tratamentos

Figura 1. Fitotoxicidade {notas de 1 a 4, onde 1= sem sintorna; 2= sintoma leve; 3= sintoma moderado e 4= sintoma
severo) atnbuida ao efeito dos fungicidas nas plantas de soja, cultivar BMX Poténcia RR, para cada tratamento {1 a 18]
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Winter wheat (Triticum aestivum L.) tolerance to mixtures
of herbicides and fungicides applied at different timings

Melody A. Robinson', Michael J. Cowbrough?, Peter H. Sikkema®, and Frangois J. Tardif'*

'Department of Plant Agriculture, University of Guelph, Guelph, Oniario, Canada N1G 2W1;
20ntario Ministry of Agricullure, Food and Rural Affairs, Guelph, Ontario, Canada N1G 4Y2; and
*University of Guelph Ridgetown Campus, Ridgetown, Ontario, Canada NOP 2C0.
Received 24 July 2012, accepled 16 December 2012.

Robinson, M. A, Cowbrough, M. J, Sikkema, P. 1. and Tardif, FF. J. 2013, Winter wheat (Tviticum aestivien 1.) tolerance
to mixtures of herbicides and fungicides applicd at different timings. Can. J. Plant Sci. 93: 491-501. Farmers commonly tank-
mix herbicides and lungicides Lo reduce application costs. In the spring of 2008, there were reports of winter wheal ijury
with the application ol herbicide-fungicide tank-maxes carly in the growing scason. This study was established to determine
the tolerance of winter wheat to herbicide-fungicide mixtures as inftuenced by time of application. Field studies were
conducted at four Ontario locations i 2009 and 2010 wilh three herbicides and four fungicides. Herbicide-lungicide tank-
mixes were apphied carly, under cold conditions. and late at growth stage Zadoks 37-39. Dichlorprop/2.4-13 mixed with
tebuconazole caused up 1o 15% injury when applied carly and up to 29% wmpuy when applied late. Bromoxyml/MPCA
mixed with tebuconazole imured wheat up to 3% when applied carly but only 10% when apphied late. Other herbicide
and lungicide mixes caused a lower level of injury. Visible injury was transient and did not reduce winter wheat vields. The
likclihood of tank-mixes causing mjury was greater when they were apphed late. The fungicide tebuconarole caused the
highest level of injury when mixed with herbicides and injury was particulatly high with dichlorprop/2,4-1.

Key words: Dichlorprop,2,4-D, bromoxynil[MCPA, pyrasulfotole/bromoxyail, lungicide, herbicide mjury

Robinson, M. A, Cowbrough, M. J., Sikkema, B. H. et Taedif, F. J. 2013, Tolérance du blé d’hiver { Triticun acstivem 1.)
aux mélanges d’herbicides ¢t de foagicides appliqués i divers moments. Can. J. Plant Sci. 93; 491-501. Les agneulteurs
meélangent cournmment les herbicides et les longicdes en citerne pour cconomiser sur le codl des appheations. Au
printemps 2008, certains rapports indiqualent que le bié d hiver avant subi des dommages conséertivement 3§ Fappheation
d'un mélange dherbicides et de fongicides au début de la saison végélative. La présente étude devail préciser la tolérance
du blé d’biver 4 de tels mélunges selon le moment de leur application. ey auteurs ont procédé a des etudes aw champ sur
trois herbicides et quatre fongicides, & quatre endroits de I'Ontario, en 2009 ¢t 2010, Les mélanges ont ¢ie apphqués
hiitivement, quand il faisait encore froid, et tardivement, au stade de croissance Zadoks 37-39. Le dichlorprop/2.4-D
mélange a du tebuconazole engendre jusqu'a 15 % de dommages quand on appligue hitivement et jusgu™ 29 "6 quand
IFapplication est tardive. Une application hitive de bromoxynil/MPCA mélange § du lebuconazole suscile pasqu’d 15 %
de dommages, contre 10 % pour unc application tardive, Les autres mélanges J herbicides et de fongicides sont moins
dommageables. Les dommages visibles sont passagers ¢l ne réduisent pas le rendement du blé d'hiver. Fes risques de
dommages sont plus grands quand le mélange est appligué tardivement. Le fongicide tebuconazole entraine les dommages
les plus importants quand on le mélange a des herbicides, particulicrement du dichlorprop,2.4-1).

Mots clés: Dichlorprop/2.4-D, bromoxynil/MCPA, pyrasullotole/bromoxynil, fongicide, dommages causes par les herbicides

Herbicides are often combined with other agro-chemicals
such as adiuvants, fertilizers, fungicides, insecticides, or
other herbicides as part of modern pest munagement
practices. Combinations ol agrochemicals are utilized to
increase the spectrum of pests controlled, or (o reduce
the application cosls associaled with pesticide applica-
tions. Unpredicted interactions can occur when two or
more biologically active chemicals are applicd in combi-
nation (Hatzios and Penner 1985). 1n 2008, winter wheat
growers in Ontario observed injury after herbicide—
fungicide tank-mixes were applied early in the growing
season when temperatures were near 0°C (Peter Johinson,

Corresponding author (e-mail: ftardif @uogucelph.ca ).

Can. J. Plant Sci. (2013) 93 491-501  doi10.4141/CIPS2012-181
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Ontaric Ministry of Agriculiure, Food and Rurat
Affairs, personal communication). There are no Ontario
data Lo suggest whether herbicide -fungicides mixes resull
in crop uury, or if the imjury is influenced by weather
conditions al the time ol application.

Biotic and abiolic stresses may oceur simultancously
during winter wheat development. As a result, the
application of agrochemicals used 1o address some
of the biolic stresses may occur concurrently with
the presence ol uabiotic stresses. The interactions ol
herbicide-Tungicide mixtures in higher plants have not
been studied as extensively as the interactions of

Abbreviations: DAT. days after treatmem: TKW, 1000-kerncl
weight
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herbicides with other agrochemicals such as adjuvants,
lertilizer additives or insecticides (Hatzios and Penner
1985). Substantial winter wheat yield loss can resull
[rom weed competition or from damage caused by
diseases if pesL control strategies are nol implemented
in a tmely manner (Welsh et al. 1999; Wegulo et al.
2011).

There is no information in the literature on winter
wheat Lolerance Lo herbicide—{ungicide tank-mixes but
there is documentation for some other crops. For
example, the (riazine herbicides and the [lungicide
fenaminosull are antagomstic in oals, soybean and
cucumber resulting in reduced efficacy of both pesticides
(Corbin 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). Azoxystrobin is a lungicide in the
same chemical lamily as pyraclostrobin, which caused
injury 1o sugarbeel when combined with the her-
bicides desmedipham-phenmedipham plus cthofumesale
(Stump et al. 2002). Pyraclostrobin and azoxystrobin are
two fungicides commonly used in winter wheal in
Ontario and they are oflten lank-mixed with herbicides
{Peter Johnson, personal communication).

Weather faclors such as temperature and moisture
may influence the interactions ol herbicide plus lungi-
cide tank-mixes, such that the activity may be enhanced
or reduced. However, Lhese elfects have not been well
documented (Green 1989; Kudsk 1999). An under-
standing of the nteractions between herbicides and fun-
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 determine the impact ol
application timing on winter wheat tolerance.

MATERIALS AND METHODS

Field experiments were conducted in 2009 and 2010 at
the Elora, Excler, Ridgetown and Woodsiock Research
Stations located tn southern Ontario. At Elora and
Woodstock, scedbed preparation consisted ol either a
chisel plow or an offset disk followed by a cultipacker,
while al Exeter and Ridgetown, the winter wheal was
established under a no-till regime with direct seeding
into previous crop residue (soybeans). 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 hectare, Sites were fertilized in the early spring
(March) with 120 kg ha ' of nitrogen once conditions
allowed as per slandard practices at Lhese stations.
Potassium and phosphorus were applied according to
soil test results. Plots were organized in a randomized
complete block design with four replicates al each
location. Plot size was 1.5 m x5.75 m at Elora and
Woodstock, 2 mx10 m at Exeter and 2 mx8 m
at Ridgetown.
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All herbicide and fungicide treatments were applied at
recommended label rates (Table 1), Treatments were
applied with a wheel-mounted small plot sprayer fitted
with Teelel [lat fan XR 800F nozzles at Elora and
Woodslock and with a backpuck sprayer [fitted with
Hypro FC-ULD-120-01 nozzles at Exeler and Hypro
GRD-120-01 nozzles at Ridgetown. The herbicides
tested were dichlorprop/2,4-13, bromoxynil/ MCPA,
and pyrasulfolole/bromoxynil.  Ammonium sullate
(BASF Canada Inc., Mississauga, ON) was added 1o
the pyrasullotole/bromoxynil trcatment, at a rate of
1 L bha ', The fungicides tested were Lhe strobilurin
pyraclostrobin, the triazole (ebuconazole, and (wo
fungicides combining a triazole and a strobilurin,
propiconazole/trilloxystrobin and azoxystrobin/propi-
conazole, Treatments were organized so thal each
herbicide and fungicide was applied separately and in
combination. Dates of seeding. herbicide-lTungicide
application, and final grain harvest varied according to
sites (Table 2). Each lreatment was applied at {wo
timings: the carly apphication occurred after Apr. 15 in
2009 and 2010, when @ temperature of approximately
0°C was forecasted. while the late application was
applied at Zadoks stage 37-39 (Zadoks el al. 1974).
While the carly application was timed based on weather
pattern, crop stage at this timing ranged belween
Zadoks 14 and 21, Daily maximwm and minimum
temperatures on the day of treatmenti application at
each location are listed in Table 3. Winter wheat injury
was assessed visually, approximately 7. 14, 28 and 42 d
after treatment (DAT) on a scale of 0 to 100% where a
value of 0% was defined as no visible plant injury, and a
value ol 100% was delined as plint death. Injury
inchuded any wvisible “departure”™ from normal leal
appearance mncluding chlovosis and necrosis. Belore
final prain harvest, winter wheat plant height {om) was
determined in each plot by tiking a random sample of
10 plants. The plots were harvested with a small plot
combine. Alter harvest, 1000-kernel weight (g) (TKW)
was assessed and test weight (kg hL ') was determined
using the Cox funnel procedure according to lederal
guidelines (Canadian Grain Commission 2011).

Table 1. Active ingredient and dose for heebicides and fungicides
Active ingredient Dose (¢ i, or a.e hi ')

Herbicides

Dichlorprop/2.4-D 5244493
Bromoxyml/MCPA 2804280
Pyrazulfulole/bromoxynil AN4175
Fungicades

Pyraclostrobin 150
Fehuconazole 126
Propiconazoleftrifloxystrobin 625+62.5
Azoxystrubin/propiconazole 75+125
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Table 2. Dates of winter wheat seeding, herbicide application at each treatment timing, and final grain harvest in each year at each location

Location Year Seeding daie”
Elora 2009 2008 Oct. 10
2010 2009 Scp. 17
Cxeter 2009 2008 Scp. 26
2010 2009 Scep. 18
Ridgetown 2009 2008 Oc1. 24
2010 2009 O, 15
Woodstock 2009 2008 Oct. 25

200 2009 Oct. 10

“Seeding was done in the fall prior to the year of testing.

Statistical Analysis

For yield data, variances were parlitioned into the
random effects of location, year, location by yeur,
treatment by year, location by treatment and block by
location within ycar, and the fixed elfects ol herbicide,
fungicide and herbicide x fungicide, using the PROC
MIXED procedure of SAS (SAS/STAT 9.2, 2009, SAS
Institute, Inc, Cary, NC). Duata for location and year
were pooled unless the location by treatment or year by
location by treatment elfect was significant, in which
case locations andjor years were analyzed sepuarately.
Data were subjected to ANOVA, and means were
separated using Fisher’s protecled LSD test at the
0.05%, level ol signiflicance, irror assumptions ol the
vanance analysis including a random, homogeneous and
normal distribution of error were conlirmed. For the
data to meet the assumption of normality, outlying dita
points were removed based on their non-alignment
shown in a plol of residuals against ranked residuals
and the box plot of the PROC UNIVARIATE proce
dure ol SAS. Plant height, test weight, TKW, and injury
were analyzed similarly, Visible imjury data, however,

Fable 3. Duily high and low temperatures at each location for carlyfeold
aml lute application timings

Early Late
Y Location” Low Highy Low High
HY Llora [ 173 4.6 18.7
Lixeter 1.0 13.0 115 24.0
Ridgetown 1.3 [N 92 24.0
Woodstock 2.5 14.0 10 13.5
g LElora 0.2 112 6.1 229
[Exeter -2.0 13.0 53 12.2
Ridgetown =22 14.5 56 22.2
Woodstuck 0.5 16.0 170 28.0

Daily wmperatures retrieved from Envirenment Canada weather
stations closest 1o field locations. Stations used were Elora Reference
Chmate Station (RCS), Nairn. Ridgciown RCS and Woodstock/
FFoldens Tor Elora, Exeter, Ridgetown and Woodstock locations,
respectively. Weather data can be retricved via www.chmate weather
oftice ge .o
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Early Late Harvest
May 03 May 30 Aug. 06
Apr. 22 May 19 Jul, 27
Apr. 23 May 29 Jul. 27
Apr. 19 May 12 Jul. 07
Apr. 23 May 23 Jul. 29
Apr. 19 May 19 Jul. 08
May 02 Muoy 31 Ang. (7
Apr. 23 Muy 28 Aug. 01

did not meet the error assumption of a normal
distribution and so data were subjecied 1o an arcsin
square rool transformation; transformations did not
improve the normality ol residuals so untransformed
data was used. It has been shown that F-tests have
minimal sensilivity to small deviations from normahty
(Box 1953; Box and Waltson 1962). A histogram ol
residuals indicated a1 near-normal pattern for visible
injury data {data not shown).

RESULTS

Visible Injury

Dilferent types of visible injury were observed with
specific herbicide-fungicide  tank-mixes. Dichlorprop,
2.4-D plus tebuconazole was consistently the most
injurious tank-mix {Tables 4 and 5). This mixture caused
dark brown-black lohar Meckings locahzed where the
spray droplet made contact with the leal surface (Fig. 1).
Bromoxynil/MCPA + tlebuconazole injury appeared as
white foliar flecking, with some small dark brown spots
(Fig. 2).

Pyrasullotole/bromoxynil 4-tebuconazole injury ap
peared as patches on the leal surface that were liphtly
bleached and lighter i colour (Fig. 3).

Bromoxymil/MPCA +avoxystrobin/propiconazole
caused distinet smatl Lo medium white (bleached) linem
splotches, well delined by a necrotic contour (Fig. 4).

Application of fungicides alone o winter wheat undes
cold conditions did not result in any injury at 7 DAT.
regardless ol sites or years (Table 4). In contrast,
dichlorprop/2,4-D alone applied early under cold con-
ditions caused injury at three of (our sites in each year at
7 DAT. Some herbicide-fungicide combinations caused
injury that was higher than would have been expected
from cach product applied alone. The fungicide tebu-
conazele applied in a tank-mix with a herbicide caused
the highest level ol visible injury compared with the
other lungicide-herbicide combinations. This fungicide
applied as a tank-mix with pyrasulfotole/bromoxynil
caused visible injury at five of the eight site/years with
mjury ranging from 2.3 (o 5.5%. Similarly, greater
injury was found with this fungicide when tank-mixed
wilth dichlorprop/2,4-D or bromoxynil/ MPCA at four
out of seven site/years. The addition of azoxystrobin/
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Table 4. Average percent winter wheat visible injury for cach herbicide, fungicide or herbicide/fungicide combination 1reatment following an carly

application at all locations” 7 d after treatment in 2009 and 2010

Injury
2009 2010
Treatment Elora Exeter Waoodstock Excter Ridgetown Woodstock
______________ (%) S - G
No herbicide
No lungicide 0 C 0 D 0 D 0 G 0 £ 0 A
Pyraclostrobin 0 C 0 D 0 D | FG 0 E ] I
Tebuconazole 0 C 1 D 0 D | FG; 0 F ] I
I'ropiconazole/irilloxystrobin 0 C 0 D 4] D 0 G 0 E 1 I
Azoxystrobin/propiconazole 0 C 0 D 0 1A 0 &« 0 & 0 I
Dichlorprop{2 4-0
No fungicide 2 B 5 AR 35 BC 35 BCDE | D 5 C
Pyraclostrobin 2 B 5.8 A 5 B 4 BCD 1 D h B
Tebuconazole 2.5 A 6.5 A 1.3 | 5 ABC 3 8 14.5 A
Propiconazole/iniloxystrobin 2 B 43 ARC 4.5 BC 4 BCH 1 D 53 G
Azoxystrobin/propiconazole 2 B 5 AB 4 BC 28 CDEF 1 D %5 B
Bromoxynilf MCPA
No fungicide i] [ 1] Iy 0 D 0 %} 1 D 1] E
Pyractostrobin ] C 0 n ] D i.5 EFG 0 I 0 I3
Tehuconazoke [\ C 1.8 [or)) 2.8 i1 9y 6.5 A 6.3 1 135 A
Propiconazole/trifloxystrobin 0 C 0 D 0 D 4 BCD 1 D 0 I3
Azoxystrobin/propiconazole 0 ¢ 0 D 23 o 33 RUDEY 2 C 3.5 C
Pyrasulfotodefbromoxyiil
No fungicide 0 C 0 D 1] D 2 DEFG | b 0 I
Pyraclostrobin 0 C 0 D 0 D 23 DEFG | D 0 I
Tebuconazole C 2.3 BCD 4.5 BC 5.5 AB 25 BC 3 D
Propiconazole/tnlloxystrobin 0 C ] )] 0 D 1.5 EFG 1 n ] E
Azoxystrobin/propiconazole 0 C 0 n 0 D 2 DEFG 0 I3 0 I

‘N injury was recorded at Rideciown in 2009 and Elora in 2084 so the data are not presented in the table.
A-G Within cach column. micans lollowed by the same letter are not different according 10 the L1 test (£ = 0.05)

propiconazole to bromoxynil/ MPCA enhanced wheat
injury at Fxeter and Woodstock in 2010, and also
enhanced injury when tank-mixed with dichlorprop/
2.4-D at Woodstock in 2010. The highest level ol injury
was [4.5% in 2010 at Woodstock with the apphcation of
tebuconazole with dichlorprop/2,4-D. The [lungicides
pyraclostrobin and azoxystrobin/propiconazole did not
increase injury caused by any ol the herbicides. Injury
on winter wheat was transient with most herbicide—
fungicide combinations. Tebuconazole mixed with di-
chlorprop/2,4-D and with bromoxynil/MPCA were Lhe
only combinations that caused visible injury at 14 DAT
(dula not shown). By 28 DAT injury level was reduced,
except lor (ebuconazole with dichlorprop/2,4-D at Elora
which was increased to 10% (data nol shown).

Late application ol lungicides did not cause any
injury when evaluated at 7 DAT (Table 5). The injury
caused by herbicides varied depending on the aclive
ingredient.

Pyrasulfotole/bromoxynil and  bromoxynil/MCPA
were safe and did nol cause any injury when applied
late. In contrast, injury with dichlorprop/2,4-D ranged
from 0 to 11.5%. Injury was apparent only at the
Ridgetown site and was grealest in 2009, The addition of
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fungicides to herbicides increased visible njury: how-
ever, the extent of injury vaned depending on the
particular herbicide-lungicide combtnation as well as
sites and years. Of the four lungicides, ebuconazole
increased injury the most with cach of the three
herbicides evaluated. The combinition ol tchuconazole
with dichlorprop/2.4-1D was the most inurious with
injury of up to 28.5% at Ridgetown in 2009; iowever,
there was no injury with this combination at Exeter in
2010. Visible injury occurred when tebuconazole was
tank-mixed with bromoxyml/MPCA and with pyrasul-
fotole/bromoxynil at all sites and years. The additton of
azoxystrobin/propiconazole 1o bromoxynil MPCA was
injurious at 7 of 8§ site years with injury level as high as
7.3% at Elora in 2009. This lungicide can also cause
injury when tank-mixed willy dichlorporp/2,4-1J. but
enhanced injury was only observed at Elora and Ridge-
town in 2009.

Propiconazole/trifloxystrobin enhanced bromoxynil/
MPCA injury to a lesser extent than other combina-
ttons, bul injury was observed at Ridgetown in 2009 and
Exeter, Ridgetown, and Woodstock in 2010. Propico-
nazole/trifloxystrobin enhanced dichlorprop/2.4-D in-
jury al Ridgetown in 2009, bul mjury level was not
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Fig. 1. Dark fohar flecking injury caused by the mixture of
dichlarprap/2.4-D and tebuconazole.

imcreased al the other site/years. There was no increase
in injury when pyraclostrobin was applied in a tank-mix
with bromoxynillMCPA or pyrasullotole/bromoxynil
and there was only a slight increase in injury when
appliecd in combination wilth dichlorprop/2,4-D at
Ridgetown in 2009 and Woodstock in 2010. The injury
observed was transient with less injury observed at 14
and 28 DAT (data not shown).

Yield

Following early treatment applications, when averaged
over 2 yr. yields were 7.4 tha ' ut Exeter and 7.7 t ha
al Ridgetown, and did nol differ among treaiments
(Table 6). At Woodstock, there was an imporlant
difference between years with yields averaging 54
ha='in 2009 and 3.9 t ha~ " in 2010, but there was no
difference among (reatments in either year. The only
treatment difference was between azoxyslrobin/propi-
conazole alone and dichlorprop/2.4- mixed with
tebuconazole at Elora (average of 2009 and 2010). All
other (reatments had similar yiclds and in no instance
did mixing a fungicide with a herbicide decrease yield
compared with each product alone (Table 6).

305 of 728

IFig. 2. Light lolar flecking with some dark spots caused by the
mixture of bromoxynil/MCPA and tebuconazole.

Yields of treatments appled Lite varied among locu-
tons, At Elora, the highest yield was observed follow
ing treatment with the tank-mix of pyrasullotole!
bromoxynil 4- pyraclostrobin, which was higher than the
vilue observed in the untreated check, pyrasullotole/
bromoxynil or bromoxynil/ MPCA treatments {Table 7).
Al Ridgetown, pyraclostrobin alone resulted in greater
yields than bromoxynil/MPCA, bromoxynil/MPCA +
tebuconazole, bromoxynil/MPPCA + propiconazole/tri-
floxystrobin, pyrasulfolole/bromoxynil 4 tebuconazole
and pyrasulfotole/bromoxynil -- propiconazole/trifloxy-
strobin; however, none of these treutments diflered
from the untreated conlrol (Table 7). At Woodslock,
the bromoxynil/MPCA + pyraclostrobin  tank-mix re-
sulted in yields higher than dichlorprop/2.4-D alone:
however, neither was different from the untreated con-
trol. There were no yicld differences observed at the
Exeter location (data not shown}.

Piant Height

Height was measured as this variable has often been
associated  with herbicide phytotoxicily in  winter
wheat (Soltani el al. 2006; Sikkema et al. 2007).
However, regardless of application timing, none of the
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Fig. 3. lnjury caused by the mixture of pyrasullotole/bromox-
ynil plus tebuconazale, Foliage appears lighter and bleached.,
with no weli-delined contour. This symptomology was unigue
to this tunk-mix.

berbicide-Tungicide combinations affected the height of
winter wheal {(data not shown),

Thousand-kernel Weight

The herbicide-fungicide combinations applied early
during cold temperatures did not affect the TKW of
winter wheal (data not shown) but differences were
observed after late applications at Elora and Woodstock
(Table 8). AL Elora, plants trealed with pyraclostrobin
alone had a mean TKW of 38.2 ¢, 15% higher than that
of unureated plants, which had a TKW of 33.2 p
Thousand kernet weight was reduced with tebuconazole,
dichiorprop/2,4-D, bromoxynilfMCPA and pyrasullo-
tole/bromoxynil applied alone. At Exeter, bromoxynil/
MPCA +pyraclostrobin, bromoxynil/MPCA + iebuco-
nazole and bromoxynil/MPCA 4 azoxystrobin/propico-
nazole resulted in higher TKW than the untreated
control, as well as higher TKW than the fungicides
pyriclostrobin, tebuconazole or azoxystrobin/propico-
nazole applied alone (Table 8). Thousand kernel weight
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Fig. 4. Injury caused by the mixture of bromoxynilfMCPA
plus azoxystrobin/propiconazole. Symptoms included Jarpe
bleached arca with well delined necrotic contour and senerily
linear in shape.

is an indication of kernel mass and a higher TKW can be
indicative ol a greater potential MNour extraction.

Test Weight

The herbicide-fungicide  combinations applied carly
zencrally did not affect the test weight of winter wheat
except at Woodstock in 2010, At this location, bromox-
ynilfMPCA  alone, bromoxynil/MPCA 4-uzoxystrobin/
propiconazole, pyrasulfotole/bromoxynil + pyriclostio-
hin, pyrasulfotole/bromoxynil+-tebuconuzole and pvr-
asulfotole/bromoxynil + propiconazoleftrifloxystrobin
applied early resulted in test weights that were greater
than the wntreated control (data not shown). Treatments
did not affect test weight at any other sites or
Woodstock in 2009.

Treatments applied lute did not impact test weight at
any locations except Elora. At Elora, bromoxynil/
MPCA +pyraclostrobin had a preater test weight than
pyrasulfotole/bromoxynil applied alone, however both
did not differ from all other treatments, including the
cootrol {data not shown}.
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Table 6. Average winter wheat grain yield for each herbicide, fungicide or herbicide/fungicide combination treatment following an early application at all

locations 7 d after treatment in 2009 and 2010

Treatment Elora Excter
No herbicide

No Mungicide 4.49 AR 7.43
Pyraclostrubin 4.81 AB 1.74
Tebuconuzole 4.68 AB 7.68
Propicenazole/trifloxystrobin 4.69 AB 7.65
Azoxystrobin/propicomaszole 4.92 A 7.70
Dicllorprap] 2 4-D

No fungide 444 AB 7.26
Pyraclostrobin 4.49 AB 7.48
Tebuconazole 4.16 B 7.41
Propiconazole/trilloxystrobin 446 AB 7.26
Azoxystrobin/propieimiazole 444 AB 7.43
Bromoxyuill MCPA

No longicide 437 AR 7.27
Pyraclostrobin 479 AB 742
Tebuconazole 478 AR 714
Propiconazole/irtltosysirobin 4 .66 A8 7.33
Azoxystrobin/propiconazale 473 Al 7.32
Pyrasulforote!bromoxymnit

No Tungicide 441 AR 7.28
Pyraclostrobin 4.86 AB 7.49
T'chuconazole 4.72 AR 7.49
Propiconazole/tnfloxvsirobin 4.74 AR 747
Azoxysirobin/propiconayole 4.75 AR 739

A
/1
A
A
A

A
A
A
A
A

A
A
A
A
A

.f'
A
A
A
A

Injury
Woodstock
Ridgetown 2009 2010
S —— g T T N (N e R
7.47 A 522 A 3.56 A
7.51 A 485 A 379 A
7.56 A 569 A 368 A
8.00 A 6.16 A 380 A
7.73 A 578 A 1.68 A
T.66 A 554 A 3.30 A
7.96 A 492 A 382 A
7.55 A 5.29 A 421 A
7.8% A 5.37 y 3.63 A
7.76 A 5N A 3.82 A
7.62 A 5.81 A 422 A
770 A 5.63 / 3m A
7.47 A 5.55% | 4.02 A
7.4 A 512 A 390 A
7.58% A 529 R 4.64 A
7.7 A 5.87 A 397 A
7.76 A 5.04 A 4.49 A
7.61 A 5.60 A 4.18 A
7.66 A 5.27 /A 389 A
7.67 A 5.94 A 396 A

A B Within cach coluni, meins followed by the same ketter are not ditferent according to the LSI) test (2 =0.05).

DISCUSSION
In both 2009 and 2010, all lank-mixes that mcluded the
Mungicide tebuconazole consistently caused visible in-

Jury greater than either of the single components of the

mixture applied wlone. Tebuconazole cuused injury
when mixed with dichlorprop/2,4-D, bromoxynil/MPCA
and pyrasulfotole;bromoxynil. In previous studies, le-
buconazole was reported to reduce the efficucy of certain
herbicides when applied as a tank-mix; however, noe
injury or yicld reductions were observed (Lancasier el al.
2005a, b). In contrasl, tebuconazole phytotoxicity has
been reported in wheat and in other crops such as cocou
and rockmelon (Holderness 1990; Vawdrey 1994; Hunt
el al, 2008). This lungicide is known Lo be inherently
toxic 1o plants at rates required {or adequate lungicidal
action (Pedersen 2007; Hunt et al. 2008). [L1s conceivable
that the phytotoxicity observed when herbicides were
mixed with tebuconazole was due Lo a reciprocal action.
The fungicide or components ol its commercial formula-
tion may increase uplake of the herbicides, while
components of the herbicide formulations could also
enhance tebuconazole leal penetration, accelerating ils
phytotoxic action. This double action would account for
the specificity of injury we observed with each tebuco-
nazole/herbicide tank-mix (Figs. | to 3). Interestingly, ol
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all the combinations that were lested 1n this research,
bromoxynilfMPCA +tebuconazole was the only regis-
tered tank-mix found on both product lubels (Bayer
CropScience Inc. Suite 100, 3131 114th Avenue S.E.,
Calgary, AB), and was one of the most injurious tank-
mixes in this study.

Anotherinjurious tank-mux was bromoxynl/MPCA A
azoxystrobin/propiconazole. Azoxysirobin/propicona-
zole is a pre-mixed lungicide, made up ol two active
ingredients from the strobilurin and tnazole fungicide
families. Strobilurin Nungicides have been documented to
cause cropr njury when tank-mixed with certain herbi-
cides (Stump et al. 2002; Robinson and Nurse 2009). The
phytotoxic clfect of strobilurin Tungicides is enhanced
when tank-mixes include products that solubilize the
plant cuticle (such as surfuctants and some pesticides)
and Tacilitate increased passage of strobilurin into the
living pluant tissue instead of remuining on the leal
surface, resulting in injury (Stump et al. 2002; Vincelli
2002; Agrios 2005). In fact, the product label lor
azoxyslrobin/propiconazole issues a warning that phy-
totoxic elfects may be encountered when azoxystrobin
-+ propiconarzole is tank-mixed with products formulated
as emulsifiable concentrates (Syngenta Crop Prolection
Canada, Inc., 140 Research Lane, Guelph, ON).
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Table 7. Average winter wheat grain yield for each herbicide, fungicide or herbicide/fungicide combination {reatment following a late application at all

locations 7 d after {reatment averaged over 2009 and 2010

Tiyury

Treatment Clora Exeter Ridgctown Woodstock

-------------------------------------------------------- Yield (t ha ') remeen oo
Neo erbicude
No lungicide 4.90 RC 6.98 A 7.54 AB 147 AR
Pyraclostrobin 558 AB 7.50 A 818 A 494 AB
Tebuconazole 4.97 18C 7.33 A 770 AB 496 AR
Propiconazole/irifloxystrobin 530 ABC 745 A 747 AB 4.76 AB
Azoxystrobin/propiconazole 5.66 Al 745 A 730 AB 5.30 AR
Diclidorprop|2.4-D
No fungicide 497 i8¢ 7.21 A 733 AB 4.02 B
Pyraclostrobin 570 AB 733 A 7.47 AR 546 Al
Tebuconazole 513 ABC 721 P 7.48 AR 463 AB
Propiconazole/tritloxystrobin 523 18C 7.40 A 7.58 AB 4.81 AR
Azoxystrobin/propiconazole 531 ARC 7.45 ! 7.68 AB 5.00 AR
Brownoxvuil | MO P A
No fungicide 4.64 & 7.04 A 7.13 B 5.03 Al
Pyraclostrobin 5.47 A B 7.20 A 7.54 AB 5.65 A
Tebuconazole 497 AR 7.02 A 7.12 B 527 AN
Propiconazole/triffexystrobin 4.99 ARC T.18 A 6.99 B 5.22 AB
Azoxystrobin/propiconazole 31 ABC 7.10 A 7.39 Al 5,30 AR
Prrasulfotale brovey gl
No fungicude 461 < 710 A 7.39 AR 486 ¥i}
Pyraclostrobin 575 A 7.3 A 7.40 AB 5.20 13
Tebuconazole 497 ARC 7.00 A 7.02 ) 4.9 i
PPropriconazole/irilloxyvstrobin 527 AR 7.7 A 7.20 I} 5.27 ti
Azoxystrobin/ propiconazole 541 ABC 7.44 A 7.02 Al 4.710 ]

A-C Within cach colimn. means followed by the same letter are not dilferent according (o the LSD test {2 =0.05).

Although dichlorprop/2,4-D alone as well as all
mixtures including  dichlorpropf2,4-13  consistently
caused visible injury. the injury thal was observed with
the dichlorprop/2.4-D + icbuconazole tank-mix was un-
ique. Symptoms ol the dichlorprop/2,4-1) 4- tebucona-
zole tank-mix were a dark, localized, brownish-black
Mecking, olten resembling a distinel spray pattern on the
uppermost feaves of the canopy at the time ol applica-
tion (Fig. 1). The mjury symptoms associated with
dichlorprop/2.4-1> applied alone or in a tank-mix with
the other lungicides were growth distortion and a
stretching and  subsequent flattening of the canopy
(change of leal angle such that they were more parallel
to the ground} with no visible chlorosis or llecking.
Wheat grew out of this injury and no plant height
reduction was observed (data not shown). Damage to
winter wheat caused by dichlorpropf2.4-1> has been
documented in other studies, causing up to 3.5% injury
when applied in the fall and reducing plant height in the
following spring (Soltani et al. 2006). 2,4-13 applied
alone or in combination with other herbicides often
reduces plant height (similar to the pre-senescence
canopy “[latlening” injury mentioned above) and yield
(Martin et al. 1989, Soltani et al. 2006; Leaden et al.
2007).

When treatments were applied late, injury most often
occurred on the flag leaf of the crop. Flag leaf health is
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correlaied with cereal crop yield (James et al. 196Y:
Briggs and Aytenfisu 1980). Many fungicide applica
tions are Lmed (o prevent pathogen invasion and
subsequent death of the flag leaf (Agros 2005, Wepulo
clal. 2009, 2011; Ali ¢t al. 2010). Since some tank-nixes
such us dichlorprop/2.4-D + tebuconazole caused visible
injury (o the Mag leaf, we expected that yicld reductions
due to this injury would occur; however, they did not
occur. This indicates that winter wheat plants are
sufficiently plastic and capable ol recovering from injury
less than 15% (in most cases) that occurs on the flag leal
due to the tank-mixes tested in this experiment.

In summary, the incidence of winter wheat injury due
to herbicide—Tungicide tank-mixes s increased when
applied late. Herbicide-lfungicide tink-mixes applied
carly, under cold temperature conditions do not cause
crop injury greater than when they are apphied late. Cold
temperatures during application do nal accentuale injury
of winter wheat from herbicide- Mungicide tank-mixes,

Dichlorprop2,4-D 4+ tebuconazole. bromoxyml/MPCA +4
tebuconazole, pyrasullotole/bromoxynil  lebuconazole
and  bromoxynil/MPCA + azoxystrobin/propiconuzole
were the herbicide—fungicide Ltank-mixes thal consis
tently caused the greatest injury. Dichlorprop/2.4-D +
tebuconazole caused injury at most locations and at
both timings. Herbicide-fungicide tank-mixes including
the fungicide tebuconazole are likely Lo cause injury as
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Table 8. Average 1000-kernel weight (TKW) fellowing the late application at all locations in 2009 and 2010

TKW

Treatment Clora Excter Ridgelown Woodstock

.................................... o ._.(g)... e o e e L L LB R
No frerbicide
Untreated Control 332 BC 380 B 3719 A 36.3 A
Pyraclostrobin 8.2 A 8.0 B 8.7 A 376 A
Tebuconazole 324 C 373 B 3.1 A 375 A
Propiconazolefirifloxystrobin 49 ABC 37.8 B 8.5 A 36.9 A
Azoxystrobin/propiconazole 5.2 ABC 374 B 392 A 3716 A
Dichlorprap{2.4-1
Eintreated Control 122 C 373 B 39.1 A 354 A
Pyruclostrebin il A8 390 AB 397 A 39.4 A
Tebuconazole 354 ABC 384 AB 39.7 A iR.6 o
Propicenazoleftrifloxysirobin 6.1 ABC 8.7 AB v7 A 389 A
Avoxystrobinfpropiconirole 364 ABC 383 AB 3.6 A 391 p
BromoexyuilfMCPA
Unireated Control 331 BC 88 AR 39.6 A 373 A
Pyraclostrobin 6.0 ABC H).5 A 39.7 A 38.9 A
Iehbuconazele 348 ABC 4.4 A 40.2 A 9.4 p
Propiconazole/trifloxystrobin 6.2 ARC 9.6 A8 4 A 19.4 A
Arosystrobin/propiconazole 50 ABC 40.1 | 40.0 A 39.7 A
Pryeasulfotolefbromeoxynil
Untreated Control RXR] BC 313 ¥ii 384 A 36.2 A
IPyractostrobin REE ABC 387 AB 8.7 A 8.5 A
f'chuconazole 0 ABC 38.7 AH 39.6 A 3810 A
I'ropiconazole/triltosystrobin 0 ABC 390 AB 3940 A 37.6 A
Azoxvstrobin/propiconazole 4 ABC 39 in 392 A 116 A

A€ Within each columi, means Followed by the same letter are not ditferent according to the LSI west (£ =10.05)

this was observed when tebuconazole was mixed with all
ol the herbicides tested. However, it is important Lo note
that the injury from herbicide-fungicide tank-mixes
observed in this study was transient, Tank-mixes of
herbicides and fungicides did not reduce winter wheal
yield. height, TKW and test waght.
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GODOY, C.V. & CANTERI, M.G. Lifeitos protetor, curative ¢ errdicante de Tungicidas no controle da ferrugem da soja causada por Phakopsora
pachyrhizi, em casa de vegetagiio. Fitopatologia Brasileim 29:097-101. 2004

RESUMO

Os cleitos protetor, curativo ¢ erradhicante de fungicidas
sisténicos {azoxystrobin 50 g ia/ha + mmbus 0,5%. carbendazin
250 g vaha, tebuconazole 100 g .a/ha, difenoconasole S0 g ia/hac
epoxiconazole 25 p Lasha + pyraclostrobin 66,5 g a.a/had foram
avahiades em plantas de soja (Glyeine max) mocukadas com suspensio
de uredosporos de Phakopsora pachyrhizi, em casa de vegetagio
Para avahar o cleito protetor, as plantas loram tratadas com os
lungicidias ¢ inoculadas quatro, oo ¢ 4 dias apos o trtamento, Os
efeitos curative ¢ erradicante foram avaliados em plantas previamente
inaculadas com uni suspensio de uredosporos ¢ tratadies com os
fungicidas apds dois, quatro e oito diay, A severidade foi gquantilicada
16 dias apds as inoculagdes. Com exeegdo do fungicida carbendian,
os demats apresentaram cleito protelor com controle acima de 90",

Al oite dias apos o ratamento. Plantas moculadas 14 dias apds o
tratamento com carbendazin apresentaram severidade estatishicamente
semelhanie a lestenmumbi sem controle, enguanto as planias tratadas
com os lengicidas dos grupos dos inibidores da biossintese de
crgasterol ¢ cont ax estrobilurinas apresentarnin centrole acima de
60, Nenhum produte mostrou efcito erradicante, gquando aplicado
duranie o periodo de incubagio da doenga, no entanio, todos os
flungicidas reduairam a severidade da doenga ¢ a viabilidade dos
ureddsporos. Com excegiio do carbendazin, odos os fungicidas
imbiram acima de 609 a germmagio de ureddsporos, quando aplicados
até oito dias apds a inoculagiio, no periodo de incubagiio da doenga

Palaveas-chave adicionais: controle quinneo, lerrupem
astatica, Glyeine nrx

ABSTRACT

Protective, corstive and eradicative elfects ol fungicides to control
soybean rust caused by Plhakopsora puchyrhizi, in greenhouse
Protective, curative and eradicative effects of systemie
fungrcides (azoxystrobin 50 g a.i/ha + nimbus 0.5%. carbendazin
250 p aasha, tebuconazole 100 g ai/ba, difenoconazole 50 ¢ ..
¢ cpoxiconazole 25 g aa/ha + pyraclostrobin 66,5 ¢ ai./ha) were
evaluated in soybean (Giyeine max) plants inoculated with a
uredimosporal suspension ol Phakopsora pachyrhizi. in greenhouse.
To evaluate the protective elfect plants were treated with ungicides
and inoculated four, cight and 14 days alier the treatment To evaluate
the curalive and cradicative effects, the plants were inoculated
with a urediniosporal suspension ol P pachyrhizi and ircated with
fungicides after two. four and cight days. Disease scverity was

A ferrugem du soja [ Glveine nrax (1..) Merril] cansada
pot Phakopsora pachvrhizi H. Sydow & Sydow foi relatada
pela primeira vez no Brasil no final da safra de 2000:01 {Yerinori
ef al., 2002a), representando uma grande ameaga para os paises
do continente americano. Duas espécics do género
Phakopsora incidem na cultura da soja (Ono et «f |, 1992): P
meibomiae Arthur (Arthur) ¢ P pachvrhizi. Phakopsora
meibontiae foi relatada pela primeira vez no Brasil cin 1979,
cm Minas Gerais, por Deslandes (1979), sendo micialmenie
classificada em fungiio do hospedeiro como £ pachvrhizi.
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assessed 16 days alter cach moculation. With the exception of the
fungicide carbendazin, all of the fungicides mhibited over 90% of
urediniosporal gemmmation until eight days afler the treaiment, Plants
inoculated 16 days after the tecatment with carbendazin presented
severity statistically sumilar w0 vasprayed plants, wiile plants treated
wilh fungicides ol ceposterel brosyathesis inhibitors and strobilurin
groups showed over 60% germinaton control. None af the fested
Tungicides provided an eradicative effeet when apphied before
symptoms developed. However, all treatments reduced discase
severity and uredimosporal viability. With the exception of
carbendazin, alil fungicides inhibiied over 60% ol urediniosporal
germination wil cight days aficr inoculation, i the incubation
period of the discase

Carvalho & Figucredo (2000) constataram quce atg essa data a
unica cspécie presente no Brasil cra Pomeibomiace,
considerada cspéeic menos agressiva ¢ de ocorréncia
cndémica, ¢m regides com temperaluras mais amenas.
Phakopsora pachvriiizi ocorre no Hemistério leste, desde
1902, senda considerada altamente agressiva, causando
danos de 104 40% na Tailandia, 10-90% na India, 10-50% no
sul da China, 23-90% em Taiwan ¢ 40% no Japio (Sinclair &
Hartman, 1999). Plantas severamente infeladas apresentam
desfolha precoce, comprometendo a fonmagio ¢ o enchimento

SYNGENTA EXHIBIT 1038
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de vagens ¢ o peso final dos grios (Yang er al. 1991).

Existem relatos de genes dominantes para resisténcia,
denominados Rppl a Rpp4, identificados em introdugdes de
plantas ¢ cultivares. No entanto, a estabilidade dessa resis-
téncia ¢ duvidosa, devido a grande variabilidade do patdgeno
(Hartman et af., 1994). Estudos rcalizados pela Embrapa Soja
identificaram 11 cultivares com resisiéncia a ferrugem, No
cntanto, a maioria das cultivarcs comerciais atualimente
utilizadas foi classificada como suscetivel {Yorinori ef al.,
2002b). A disponibilidade limitada de cultivares resistentes faz
comm que o mancjo da cultura, por meio de épocas de semeadura
¢ aplicagdo de defensivos, scja uma altemativa, devendo ser
feito de forma racional para ndo tnviabilizar a cultura c agredir
o meio ambiente de forma indiscriminada. Os trabalhos
disponiveis sobre controle quimico da ferrugem, na litcratura,
sio limitados ¢ ausentes nas nossas condi¢des devido a
recente introdugdo da doenga. Estudos mostram que, em
condigdes severas de epidemia, sAo nccessarias de trés a cinco
aplicages em intervalos de dez dias (Sinclair & Hartman, 1996).
Na Africa, onde a doenga aparcceu em 1990, sdo utilizados os
Tungicidas periencentes ao grupo dos inibidores da biossintese
de ergosterol (triazois) (Caldwell ef o, 2002).

No Brasil, a utilizagio de fungicidas para o controle de
oidio (Microsphaera diffusa Cooke & Peck) ¢ do complexo de
duengas de final de ciclo (Cercospora kikuclii Matsu. &
Tomoyasu ¢ Septoria glycines Hemmi) € pritica recomendada
onde ds doengas ocorrem, sendo a maioria dos fungicidas
registrados para a cultura da soja pertences aos grupos dos
triazois, estrobilurinas ¢ benzimidazdis.

O objetivo deste trabalho foi avaliar os efcitos protetor,
curativo ¢ crradicante de fungicidas registrados para a cultura
da soja no controle da fermugem causada por &, pachyvrhizi, em
casa de vegetagio. O cicito protetor ou residual refere-se a
protegiio da planta conterida pela aplicagio do produto antes
da deposi¢iio do patdgene. O cfeito curative ¢ aquele onde
ocorre atenuagdo dos sintomas ou reparagio dos danos
provocados pelo patdgeno, sendo uma agiio dinigida contra o
patdgeno, apos o estabelecimento de seu contato cfctivo com
o hospedeiro, O cfeito erradicante ¢ a atuagio dircta sobre o
patégeno, na sua fonte de indculo (Kimati, 1995).

Scmentes da cultivar MG/BR 46 {(Conquista) foram
semeadas em vasos de plastico com 4 kg de mistura de terra
argilosa, areia ¢ esterco (2:1:2), deixando-se quatro plantas por
vaso. As plantas foram mantidas em casa de vegetagio, durante
toda condugio do cnsaio.

O fungo P pachvrhizi toi mantido cm plantas da cultivar
MG/BR 46 (Conguista) ¢ os ureddsporos foram coletados
lavando-sc folhas infetadas comn ajuda de pincel ¢ suspensos
cm dgua destilada contendo tween 20 (0,1 m¥I) no momento do
prepare da suspensiio, para as inoculagdces.

Para avaliar o cfeito prolctor ou residual, os fungicidas
foram previamente aplicados as plantas no estadio V4 (Fchr &
Caviness, 1977), utilizando um pulverizador manual, com volu
me aproximado de 10 ml por vaso. Os tratamentos utilizados
foram: | - testemunha sem aplicagio; 2 - azoxystrobin 50 g 1./
ha + nimbus 0,5% v/v; 3 - carbendazin 250 g i.a./ha; 4 -

98
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tcbuconazole 100 g i.a/ha; 5 - difenoconazole S0 giathac 6 -
cpoxiconazole 25 g i.a./ha + pyraclostrobin 66,5 g i.a‘ha. A
suspensio (3 x 107 ureddsporos por ml) foi pulverizada sobre a
terceira e quarta folha das plantas aos quatro, oito ¢ 14 dias
apds o tratamento com fungicidas. As avaliagdes foram
rcalizadas 16 dias apds cada inoculagio ¢ a porcentagem de
controle para cada tratamento foi calculada em relagio a
testemunha ndo tratada.

Para avaliagiie dos cititos curativo ¢ crradicante, as
plantas foram previamente inoculadas com a suspensio (3 x
107 ureddsporos por ml) no estadio V4, inoculando todas as
folhas, e posteriormente tratadas com os fungicidas apos dois,
quatro ¢ oito dias.

O delincamento experimental foi intciramente casuali-
zado, em arranjo fatorial, com trés repetigdes, cada unidade
cxperimmental sendo constituida por um vaso com quatro plantas.
Os tratamentos com fungicidas foram realizados pela manhi ¢
as inoculagdces ao final da tarde. Apos as 18:00 h, o sistema de
ncbulizagio da casa de vegetagiio foi acionado, em intervalos
de 3 h, durante 10 min, até as 6:00 h do dia seguintce, visando
garantir a presenga de dgua livie na folha, favorecendo o
processo de infecgdo. A temperatura da casa de vegetacio
durante toda condugfio do ensaio oscilou entre 19-28 °C.

As avaliagdes foram realizadas 16 dias apds cada
inoculagiio, determinando-se ¢ nimero de lesdes porem? ¢ o
tamanho médio das lesdes com auxilio de uma escala (Bassanezi.
1995). A severidade foi avaliada no terceiro ¢ quarto trifélios
principais de cada planta.

A viabilidade dos urcddsporos de P paclyrhizi o
avaltada no cnsaio para controle curativo. Ureddsporos
coletados Javando-se aproximadamente dez folhas infeladas
de cada tratamento, com ajuda de pincel, ¢ suspensos eim apua
destilada contendo tween 20 (0,1 ml/l) foram ajustados por
meio de diluigio para concentragiio de 10 esporos por ml ¢
iransferidos para placas de Petri (0,1 ml por placa) contendo
meio agar-dgua. As placas foram imcubadas a 24°C, no cscura
por 24 h. Apds a incubagio, foi avaliada a porcentagem de
germinagiio com auxilio de microscopio dptico. Uredosporos
foram considerados germinados quando o comprimento do
tubo germinativo ultrapassou o didmetro do esporo. O
delincamento experimentat Loi intetramente casualizado, cm
arranjo fatorial, com trés repeticdes, sende cada repeligio
constituida de uma placa de Petri.

As andlises cstatisticas foram realizadas por meio do
teste de Tukey a 5% de significincia, para comparagio de
meédias, utilizando o programa STATISTICA (StatSoft, Inc). Os
valores de severidade ¢ germinagiio em porcentagem foram
transformados para andlise utilizando arc sen~/x 7100.

Os primeiros sintomas de £ pachyrhizi foram obser-
vados nove a 11 dias apds as inoculagoes, sendo proximo ao
periodo de incubagio relatado por Melching ef al. (1989). A
severidade das plantas sem aplicagio de fungicida, no cnsaio
para avaliagdo do cfeito protetor foi 10,2%, na média dos tres
periodos de inoculagdo (Tabela 1). Todos os fungicidas
apresentaram cfeito protetor, a0s quatro dias apds o tratamento,
mas as plantas tratadas com triazdis (tcbuconazole ¢

Fitopatol. bras. 29(1), jan - fev 2004
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Efeitos protetor, curativo ¢ erradicante de fungicidas no controle...

difenoconazole) e com a mistura de triazél ¢ estrobilurina
{cpoxiconazole + pyraclostrobin) nie manifestaram sintomas.
Aos oilo dias apds a aplicagio de fungicidas, foram observados
sintomas nas plantas de todos tralamentos. No entanto, os
tratamentos com triazois, cstrobilurina ¢ mistura dos dois
principios ativos apresentaram controle superior a 90%, em
relagiio A testemunha. O fungicida que mostrou menor residual
foi o carbendazin, apresentando 75, 25 ¢ 21% de controle, em
relagiio & testemunba, aos quatro, oito ¢ 14 dias apés o
tratamento com fungicida, respectivamente. Plantas inoculadas
oito dias apds o tratamento com carbendazin aprescntaram
severidade estatisticamente semelhante 3 testemunha sem
tratamento. As plantas inoculadas 14 dias apds os tratamentos
com tcbuconazole ¢ epoxiconazole + pyraclostrobin
apresentaram 88 ¢ 90% de controle, respectivamente ¢ os
tratamentos com azoxystrobin ¢ difenoconazole apresentaram
69 ¢ 61% de controle, respectivamente. Na média dos (rés
periodos de inoculagiio, os tratamentos que proporcionaram a
menor severidade foram cpoxiconazole + pyraclostrobin,
tebuconazole, azoxystrobin ¢ dilenoconazole, nio diferindo
entre si peio teste de Tukey ao nivel de 5% de significincia

Sintomas de fitotoxicidade do tipe cagrossamento ¢
escurccimento das folhas foram observados para os
tratamentos com triazdis ¢ mistura de triazdl + estrobiluring, no
cntanto, as plantas tratadas com difenoconazole recuperaram
seu desenvolvimento, dez dias apés o tratamento. O tratamento
com tebuconazole resultou em plantas menores com folhas
mais escuras até o final do ensaio. Lisses sintomas sdo relatados
para triazdis cm outras culturas (Dickens, 1990). As plantas
tratadas com epoxiconazole + pyraclostrobin apresentarum
redugdo de crescimento, folhas encarquilhadas ¢ encurtamento
de entrends dificultando a avaliagiio dos resultados, Esscs
sitomas severos de fitotoxicidade podem ter sido causados
pelo alto volume de calda aplicada em plantas novas (estadio
V4} ¢ pelo ambicnte da casa de vegetagio. No campo, essa
condigiio nao deve se repetir, pois esse produto ¢ registrads
para a cultura na dose testada ¢ nio sfio observados esses
stitomas pelos agricultores

Todos os fungicidas reduzitam a infecgfio quandn
aplicados na auséncia de sintomas, duranie o periodo de

incubagiio (Tabela 2). No entanto, nenhum impediv o
descenvolvimento da doenga, atuando de forma erradicanic,
quando aplicades dois dias apds a inoculagio. Nio foi
obscrvada interagdio fatorial significativa ncsse ensaio. A
aplicagdo de azoxystrobin ¢ da mistura cpoxiconazole |
pyraclostrobin inibiram 93% do desenvolvimento dos sintomas
quando aplicados dois dias apds a inoculagio. Aos quatro
dias ap6s a inoculagiio, azoxystrobin ¢ epoxiconazole +
pyraclostrobin inibiram 93 ¢ 85% do desenvolvimento dos
sintomas, respectivamente. Aos oito dias apds a inoculagio, a
cficiéncia dos fungicidas variou enire 56% (azoxysirobin) ¢
10% (difcnoconazole). Na média, todos fungicidas foram
clicientes na redugdo duos sintomas, quando aplicados no
periedo de incubagdo da doenga, sendo cstatisticamente
diferentes da testemunha ndo tratada com fngicida pelo teste
de Tukey ao nivel de 5% de significincia. O eftito curativo
dos fungicidas foi reduzido & medida que se atrason a aplicagio
do fungicida, sendo a severidade média das plantas aos vito
dias apds a inoculagio (5,8%) cstatisticamenle superior a
severidade média observada nas plantas aos dois ¢ quatro
dhas apds a inoculagio (1.8 ¢ 2,4%, respectivamente).

Embora nenhum tratamento tenha tido eftito erradicanie
quando aplicado até dois dias apos a inoculagio, a diminuigio
da viabilidade dos uredisporos, comprovada pelo teste de
germinagiio em dgar-dgua (Tabela 3) mostrou o efeito curativo
dos fungicidas. A porcentagem média de germinagio dos
urcddsporos das plantas sem tratamente foi de 55,1%. Nio foi
observada interago Lutorial significativa nesse cnsaio, Na
média, todos tratamentos com fungicidas Toram eficientes na
redugio da germinagiio dos urcddsporos, sendo a germinagio
cstatisticamente inferior & 1estemunha sem tratamento pelo
teste de Tukey ao nivel de 5% de signilicincia. Com excegio
do carbendazin, todus os fungicidas imbiram acima de 60% 4
germinagiio de ureddsporos, quando aplicados alé vilo dins
apds a inoculagio, no perindo de incubagiio da doenga.

Q padrio de esporulayiio de P pacinrlizi caracteriza-
s¢ por apresentar curva de produgdo didina de esporos com
vitrios picos de mixima esporulagdo distribuidos durante todo
periodo infeccioso (Melching er af,, 1979). A reducio nos
sintomas, associada & menor viabilidade dos uredosporos apos

TABELA 1 - Efeito protcior ¢ residual. Sceveridade + desvio padrio ¢ controle (%) das plantas de soja (Glycine max) ratadas com fungicidas ¢
inoculadas com suspensio de uredosporos de Phakopsora pachyrhizi aos quatro, oito ¢ 14 dias apds os tratamentos ( PDAT)

4 DAT 8 DAT 14 DAT Severidade
LS 20 be\';::/i.c;adc Controle Sev::/l.c)ladc Controle hc\’:.t;i.t)ladc Controle média (%}
1. Testerunha sem aplicacio 9.1%25 aA 0 103+21 aA 11,3242 a A ¢ 1022
2. Azoxystrobin 50 g i.a./ha 06%06 bcA 93 0807 bA 92 35413 cdA 69 1o ¢
3. Carbendazin 250 g i.a./ha 23503 BB 75 77414 aA 25 893106 abA 2 63 b
4 Tebuconavole 100 g i.z/ha 0.0 cB 100 0102 bB 9 13403 cdA 88 05 ¢
5. Difenoconarole 50 g i.a ha 0,0 c B 100 08%1 bpB 91 4411 beA 61 1,7 ¢
6. Epoxicongzole 23 i pyraclostrobin 66,5 giatha 0.0 cB 100 0101 bB Y 11+06 dA 90 04 ¢

Severidade média (%) 20 C

33 B 51 A

Mddias seguidas por letras distintas, pindseulas na vertical ¢ maidsculas nn horizontal, diferem enire s, an mivel de 3% de probabilidade, pelo 1esie de

Tukey.
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FABELA 2 - Elcito curative dos tratamentos. Scveridade £ desvio padrio ¢ controle (%) das plantas de soja (Giycine max) tratadas com
fungicidas dois, quatro e oite dias apos a inoculagio {DAl) com suspensio de ureddsporos de Phakopsora pachyrhizi

2 DAI 4 DAl 8 DAl S
TRATAMENTO LD Conlrole S Controle e Controle ?:g:j‘:‘::/"‘;
(%) (%) (%)
1. Testemunha ser aplicagdo 57415 0 6,717 0 7,7£2,.2 0 67a
2. Azoxystrobin 50 g L.a./ha 04£0,7 93 0,5 +0,3 93 34£1,7 56 14 ¢
3. Carbendazin 230 g iaha 14+0,5 75 1,5¢1,3 78 58104 25 29 be
4. Tebuconazole 100 gia/ha 19+04 67 24108 &4 52+1.2 n 32b
5. Difenoconazole 50 g 1.a./ha 0.9+0,5 24 21407 69 69:+12 10 33b
6. Fpoxiconazole 25 + pyraclostrobin 66,5 g i.a/ha 0,410, 93 1,0+0,5 85 59+ 1.6 23 24be

Severidade média (%) 1.8B 24B 58A

Médias scguidas por letras distintas, mindsculas na vertical ¢ maitisculas na horizontal, diferem cntre si, a0 nivel de 3% de probabuidade, pelo teste de
Tukey.

TABELA 3 - Porcentagem de germinagdo ¢ genminagio relativa de ureddsporos coletados nas plantas de soja (Gheine niax) tratadas com

fungicidas dois. quatro ¢ oito dias apds a inoculagiio (13Al) com suspensdo de ureddsporos Phakopsora pachyriizi

2 DAI

4 DAL § DAI

TRATAMENTO

Germinagio

Germinagio  Germinagde  Germinagio Germinacio Germinagdo Germinagde | oo0, (%)

{%) relativa (%) {%) relativa (%) (%) relativa (%)

I Testemunha sem aplicacagdo 494162 100 603183 100 55,5 £5.2 100 .la
2. Aroxystiobin 30 g La./fha 78142 16 i1,216,3 19 87:£1.2 16 92 b
3, Carbendazin 250 g i.aha §1+58 16 12,7£56 21 36,6405 66 191 b
4. Tebuconazole 100 giaha 335432 1 56 4.7 9 11,2 +0,8 20 4 b
3. Dilenoconazole 30 giaha 52174 11 8.0 413 13 208 £59 37 113D
6. Epoxicenazole 25 ¢ pyraclosirobin 66,5 giaha 38116 L] 13,71 84 23 132449 H 10,2 b
Germinagdo média (%) 133 B 18,6 AB M3 A

Médias sepuidas por letras distintas, mantisculas na vertical ¢ maivsculas na horizontal. diferent entre si, a0 nivel de 5% de probabilidade, pelo teste de

l'ukey.

aaplicagiv de fungicidas, pode retardar o progressoe da doenga
o campo para patdgenos que apresentam csse padrao de
esporulagio.

O fungicida carbendazin, pertencente ao grupo dos
benzimidazois. apresentou a menor cficiéncia de controle, lanto
na aplicagao preventiva como na curativi. Os resultados
disponiveis na literatura a respeito desse grupo de fungicidas
para controle da ferrugem da soja siio contradilarios, sendo
clicientes cm alguns trabalhos ¢ incficientes en outros (Sinclair
& Hartman, 1996).

Os resultados mostraram que os fungicidas teslados,
34 registrados para & cultura da soja, pertencentes aos grupos
cstrobilurinas ¢ trinzéis, sozinhos ¢ em misturas, sio eficientes
no controle dc /2 pactvrhizi. A presenga de mais de um grupo
com cficiéncia comprovada ¢ importante no que diz respeito
a0 manejo de resisténcia de fungos a fungicidas. Fungicidas
com modo de agio especifico possuem um malor risco de
selecdo de populagocs resistentes do patogeno, devendo-se,
dessa forma, alternar produtos com diferentes modos de agao
ou utilizar misturas prontas dos dois grupos (Kaimalti, 1995).

Em condigdes de campo, como as re-inoculagdes
naturais sucedem-se durante todo periodo micccioso, devem-
sc realizar estudos sobre nimero ¢ épocas de aplicagio dos
fungicidas para cvitar danos com a ferrugem da svja. Estudos
sobre a eticiéncia de diferentes fungicidas no controle curativo,
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apos a obscrvagio da doenga no campo, devem ser realizados,
para verificar a real necessidade de aplicagbes preventivas.
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RESUMO

Qs elcitos protetor. curtivo ¢ erradicante de fungicidas
sistémicos (azoxystrobin 50 ¢ i.a/Ma + aimbus 0,5%, carbendazin
250 g i.a/ha, tebuconazole 100 g i a/ha, difenoconazole 50 g 1atha ¢
epoxiconazole 25 g Ladha + pyraclostrobin 66,5 g i.a./ha) foram
avaliados em plantas de soja (Giyeine max) inoculadas com suspensio
de ureddsporos de Phakopsora pachyrhizi, em casa de vegetagiio.
Para avaliar o cleito protetor, as plantas loram tratadas com os
lungicidas ¢ inoculadas guatre, ouo ¢ 14 dias apds o tratamento. Os
cleitos curativo ¢ ermdicante loram avahados em plantas previamente
moculadas com uma suspensiio de ureddsporos ¢ tratadas com os
tungicidas apds dois, quitro ¢ oilo dias. A sevendade loi quantilicadsy
10 dias apos as inoculagies. Com exeegdo do lungicida carbendazin,
o8 demais apresentarnm clenta protetor com controle acima de 90,

até oito dias apds o tratamento. Plantas inoculadas 14 dias apds o
trifamento com carbendazin apresentaram severidade estatisticamente
semeibante A testemunha sem controle, enquanto as planias trtadas
com o3 [ungicidas dos grupos dos inibidores da biossintese de
crgosterol ¢ com as cstrobilurinas apresentaram controle acima de
60%. Nenhum produto mostrou efeito erradicante, quando aplicado
durante o periodo de incubagiio da docnga, no entanto, todos os
lungicidas reduritam a severidade da doenga ¢ a viabilidade dos
ureddsporos, Com excegio do carbendazing, todos us fungicidas
mibiram acima de 60%a germinagio de ureddsporos, quando aplicados
alé oito dias apds a inoculagdo, no periodo de incubagio da doenga.

Palavras-chave adicionais: controle quimico, lerrugem
asutica, Glycine max.

ABSTRACT

Protective, curative and ervadicative efTeets of fungicides to contral
saybean rust caused by Phakopsera pachyrhizi, in greenhouse
Pratective, curative and eradicative effects of systemic
fungicides (azoxystrobin 50 p a.i/ha + nimbus 0,5%, carbendazin
250 g a.r/ha, tebuconazale 108 g a i/ha, dilenoconazole SO & a1 /ha
e cpoxicomizele 25 g aiha + pyraclostrobin 66,5 g a1 ha) were
cvabuated in soybean (Glyvcine max) plants inoculated with a
urcdiniosporal suspension of Phakopsora pachyriiizi, in greenhouse,
To evaluate the protective ellzet plants were treated with fungicides
and inoculated four, cight and 14 days afier the treatment. To evaluate
the curative and eradicative eficots, the plants were inoculated
with a urediniosporal suspension of P pachyrhizi and treated with
lungicides alter two, four and cight days. Discase scventy was

A ferrugem da soja | Glveine mav (L) Merril] causada
por Phakopsora pachyrhizi H. Sydow & Sydow foi relutada
pela primeira vez no Brasil ne final da safta de 2000401 (Yornori
ef al., 2002a), representando uma grande ameaga para os paiscs
do conlinente americano. Duas espécics do género
Phakopsora incidem na culura da soja (Ono et af, 1992): P
meibomiae Arthur (Arthur) ¢ P pactvrhizi. Phakopsora
meibomiae foi relatada peka primetra ver no Brasil em 1979,
cm Minas Gerais, por Deslandes (1979), sendo inicialmente
classificada em fungiio do hospedeiro como P pacivrhizi.

Fitopatol. bras. 29(1), jan - fev 2004

356 of 728

assessed 16 days afier cach moculation, With the exception of the
fungicide carbendazin. all of the lungicides inhibited over Y40% ol
uredimosporal germination until cight days afler the treatment. Plants
mocutated 16 days after the treatment with carbendazin presented
severity statisticatly sinnlar to unsprayed plants, while plants treated
with fungicides ol ergosterol biosynthesis inhibitors and strobilurin
groups showed over 60% germination control. None ot the iested
fungicides provided an eradicative clffeet when applied belore
symptoms developed. However, all treatments reduced discase
severity and wredimosporal viability. With the exception ol
carbendazin, all fungicides inhibited over 60% of wredimosporal
germination until cipht days after inoculation, in the incebation
peniod of the discase.

Carvalho & Figucredo (2000) constataram que até cssa data a
inica espécic presenic no Brasil era P meibomiae,
considerada espécic menos agressiva ¢ de ocorréncia
endémica, em regides com temperaturas mais amenas.
Phakopsora pachvrhizi ocorre no Hemisfério Leste, desde
1902, sendo considerada altamente agressiva, causando
danos de 10 a 40% na Tailindia, 10-90% na India, 10-50% no
sul da China, 23-90% cm Taiwan ¢ 40% no Japao (Sinclair &
Hartman, 1999). Plantas severamente infetadas apresentam
desfolha precoce, comprometendo a formagdio € o cnchimento
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de vagens ¢ o peso final dos prios { Yang ef «f. 1991).

Existem relatos de genes dominantes para resisténcia,
denominados Rppl a Rpp4, identificados em introdugdes de
plantas ¢ cultivares. No entanto, a cstabilidade dessa resis-
téncia ¢ duvidosa, devido 4 grande variabilidade do patdgeno
(Hartman e af, 1994). Estudos realizados pela Embrapa Soja
identificaram 11 cullivares com resisiéncia a ferrugem. No
entanto, a maioria das cultivarcs comerciais atualmente
utilizadas foi classificada como suscetivel (Yornori ¢f of.,
2002b). A disponibilidade limitada de cultivares resistentes faz
com que o mancjo da cultura, por meio de épocas de semeadura
¢ aplicagio de defensivos, sgja uma attermativa, devendo ser
feito de forma racional para nilo inviabilizar a cultura ¢ agredir
o mcio ambicnte de forma indiscriminada. Os trabalhos
disponiveis sebre controle quimico da ferrugem, na literatura,
sdo limitados ¢ auscntes nas nossas condigdes devido i
recente introdugiio da docenga. Estudos mostram que, cm
condigdes severas de epidemia, sio necessarias de trés a cinco
aplicagdes em intervalos de dez dias (Sinclaiv & Harhman, 1990).
Na Africa, onde a doenga aparecen em 1990, sdo utilizados os
fungicidus pertencentes ao grupo dos inibidores da biossintese
de crgosteral (tnazais) (Caldwell et of., 2002).

No Brasil, a utiliza¢io de fungicidas para o controle de
otdio (Microsphaera diffisa Cooke & Peck) ¢ do complexo de
docngas de final de ciclo (Cercospora kikuchii Matsu. &
Tomoyasu ¢ Septoria gheines Homm) € pritica recomendada
ondc ds doengas ocorrem, sendo a maioria dos fungicidas
registrados para a cultura da soja periences aos grupos dos
Irazois, estrobilurninas e benzimidazois,

O objetivo deste trabalho foi avaliar os efeitos protetor,
curativo ¢ crradicante dc fungicidas registrados para a cultura
da soja no controle da ferrugem causada por P. pachivrhizi, em
caso de vegelagio. O cfeito protetor ou residual refere-se a
protegiic da planta conferida pela aplicagiao do produto antes
da deposicio do patdgeno. O efeito curalivo € agquele onde
ocorre atcnuagiio dos sintomas ou reparagiio dos danos
provocados pelo patogeno, sendo uma acio dirigida comra o
patogeno, apds o estabelecimento de seu contato cfetive com
o hospedeiro, O efeito erradicante ¢ a atuagio dircta sobic o
patégeno, na sua fonte de indeulo (Kimati, 1995).

Sementes da cultivar MG/BR 46 (Conquista) foram
semeadas cm vasos de plistico com 4 kg de mistura de terra
argilosa, areia ¢ estereo (2:1:2), deixando-se quatro plantas por
vaso. As plantas foram mantidas em casa de vegetagao, duranie
toda condugio do cnsaio.

O fungo P pachyrhizi tol mantido em plantas da cultivar
MG/BR 46 (Cenquista) ¢ os urcddsporos foram colctados
lavanda-se folhas infetadas coin ajuda de pincel ¢ suspensos
cm agua destilada contendo tween 20 (0,1 ml/T) no momente do
preparo da suspensio, para as inoculagdes.

Para avaliar o cfeito protetor ou residual, os fungicidas
foram previamente aplicados as plantas no cstidio V4 (Fehr &
Cavincess, 1977), utilizando um pulverizador manual, com volu-
me aproximado de 10 ml por vaso. Os tratamentos utilizados
foram: | - testemunha sem aplicagfio; 2 - azoxystrobin 50 ¢ i.a./
ha + nimbus 0,5% v/v; 3 - carbendazin 250 g i.aha; 4 -
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tcbuconazole 100 g i.a./ha; 5 - difenoconazole S0 gia/hae 6-
epoxiconazole 25 g i.a./ha + pyraclostrobin 66,5 gi.a./ha. A
suspensdo (3 x 10% ureddsporos por ml) foi pulverizada sobre a
terceira ¢ quarta folha das plantas aos quatro, oito ¢ 14 dias
ap6s o tratamento com fungicidas. As avaliagdes foram
realizadas 16 dias apds cada inoculagiio e a porcentagem de
controle para cada tratamento foi calculada em relagio a
lestemunha ndo tratada.

Para avaliacio dos cfeitos curativo ¢ erradicante, as
plantas foram previamente inociadas com a suspensio (3 x
10* ureddsporos por ml) no estadio V4, inoculando todas as
folhas, ¢ posterionnente tratadas com os fungicidas apds dois,
quatro ¢ oito dias.

O dclincamento experimental foi inteiramente casuali-
zado, em arranjo fatorial, com te¢s repetigdes, cada unidade
experimental sendo constituida por um vaso com quatro plantas.
O tratamentos com fungicidas foram rcalizados pela manhi ¢
as inoculagoes ao final da tarde. Apds as 18:00 h, o sistema de
nebulizago da casa de vegetagiio 1ol acionado, em intervalos
de 3 h, durante 10 min, até as 6.00 h do dia seguinte, visando
garantir a presenga de dgua livre na folha, favorecendo o
processo de infecgdo. A temperatura da casa de vegetagiio
durante toda condugiio do cnsato oscilou entre 19-28 =C.

As avaliagdes foram realizadas 16 dias apos cada
inoculagio, determinando-se o nimero de lesdes por cm* ¢ o
tamanho médio dus lesdes com auxilio de uma escala (Bassanczi,
1995). A severidade foi avaliada no tereciro e quarto trifélios
principais de cada planta.

A viabilidade dos uredosporos de P pachvrhizi foi
avaliada no cnsaio para controle curativo, Uredésporos
coletados lavando-se aproximadamente dez folhas infetadas
de cada tratamento, com ajuda de pincel, ¢ suspensos em dgua
destilada contendo tween 20 (0,1 mlil) foram ajustados por
mcio de diluigiio para concentracdo de 10 esporos por ml ¢
transteridos para placas de Petri (0,1 ml por placa) contendo
meio dgar-dgua. As placas foram incubadas a 24°C, no escuro
por 24 h. Apos a incubagao, foi avaliada a porcentagem de
gerninagio com auxilio de microscopio optico. Urcddsporos
foram considerados germinados quando o comprimento do
tubo germinativo ultrapassou o didmetro do esporo. O
delincamento experimental foi inteiramente casualizado, cm
arranjo fatorial, com trés repetigdes, sendo cada repetigio
constituida de uma placa de Petri

As andlises cslatisticas foram realizadas por meio do
ieste de Tukey a 5% de significineia, para comparagio de
miédias, utilizando o programa STATISTICA (StwiSoft, In¢), Os
valores de severidade ¢ germinagio em porcentagem foram
transformados para analise utilizando are sen~/x/100.

Os primciros sintomas de 2 pachyrhizi foram obser-
vados nove a 11 dias apds as inoculagdces, sendo préximo ao
periedo de incubagdo relatado por Mclehing ef af. (1989). A
severidade das plantas sem aplicagio de fungicida, no ensaio
para avaliagiio do cfeito protetor foi 10,2%, na média dos trés
pericdos de inoculagio (Tabela 1). Todos os fungicidas
apresentaram eleito protetor, aos quatro dias apos o tratamento,
mas as plantas tratadas com (riazdis (tebuconazole ¢
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difenocenazole) ¢ com a mistura de triazél ¢ estrobilurina
(cpoxiconazole + pyractostrobin} nio manifestaram sintomas.
Aos oito dias apds a aplicagio de fungicidas, foram obscervados
sintomas nas plantas de todos tratamentos. No entanto, os
tratamenlos com triazdis, estrobilurina ¢ mistura dos dois
principios ativos aprescntaram controle superior a 90%, em
relagdio i testemunha. O fungicidia que mostrou menor residual
foi o carbendazin, apresentando 75, 25 ¢ 21% de controle, cin
relagiio a testemunha, aocs quatro, oito ¢ 14 dias apds o
tratamento com fungicida, respectivamente. Plantas inoculadas
oito dias apds o tratamento com carbendazin apresentaram
severidade estatisticamente semelhante a testemunha sem
tratamento. As plantas inoculadas 14 dias apés os tratamentos
com tebuconazole ¢ cpoxiconazole + pyraclostrobin
apresentaram 88 ¢ 90% de controle, respectivamente ¢ os
lratamentos com azoxystrobin ¢ difenoconazole apresentaram
Y ¢ (1% de controle, respectivamente, Na média dos trés
periodos de inoculagio, os tratamentos que proporcionaram a
menor severidade Toram ecpoxiconazole -+ pyraclostrobin,
tebuconazole, azoxystrobin e dilenoconazole, nio diferindo
cntre 51 pelo teste de Tukey ao nivel de 5% de significancia,

Sitomas de litoloxicidade do tipo engrossamento ¢
escurccimento das folhas forum obscrvados para os
Iratamentos com triazdis ¢ mistura de triazol -+ estrobiluring, no
entinio, as plantas tratadas com difenoconazole recuperaram
sewdesenvolvimento, dez dias apos o tratamento. O tratamento
com tebuconazole resultou em plantas menores comn folhas
mais escuras até o final do ensaio. lsses sintomas sio relatados
parat trisnzols em outras culturas (Dhckens, 1990). As plantas
tratadas com cpoxiconazole + pyraclostrobin apresentaram
redugiio dic crescimento, folhas encurquithadas ¢ encurtamento
de entrenos dificultando a avaliagio dos resultados. Esses
sintomas severos de fitotoxicidade podem ter sido causados
pelo alto volume de calda aplicada em plantas novas (cstidio
V4d) ¢ pelo ambiente da casa de vegetagio. No campo, essa
condigio ndo deve soorepetir, pois esse produto € registrado
para a cultura na dose testada ¢ nido si0 observados esses
sintomas pelos agricultores.

Todos os fungicidas reduziram a infecgiio quando
aplicados na auséneia de sinfomas. durante o periodo de

incuba¢do (Tabela 2). No cntanto, nenhum impcediu o
desenvolvimento da doenga, atuando de forma ermradicante,
quando aplicados dois dias apos a inoculagdo. Nao fol
obscrvada interagiio fatorial significativa nessc cnsaio. A
aplicagiio de azoxystrobin ¢ da mistura cpoxiconazolc
pyraclostrobin inibiram 93% do desenvolvimento dos sintomas
quande aplicados dois dias apds a inoculagdo. Aos quatro
dias apds a inoculagiio, azoxystrobin ¢ cpoxiconazole 4
pyraclostrobin mbiram 93 ¢ 85% do descnvolvimento dos
sintomas, respectivamente. Aos oito dias apos a inoculagiio, a
cficiéneia dos fungicidas variou entre 56% (azoxystrobin) ¢
10% (difenoconazole). Na média, todos fungicidas foram
cficicntes na reducdo dos sintomas, quando aplicados no
periodo de incubagiio da doenga, sendo cstatisticamente
diferentes da testemunha ndo tratada com fungicida pelo teste
de Tukey ao nivel de 5% de significancia. O cfeito curativo
dos fungicidas foi reduzido & medida que se atrasou a aplicagio
do tfungicida, sendo a severidade média das plantas aos otlo
dias apéds a inoculagdo (5,8%) cstatisticamente superior a
severidade média observada nas plantas aos dois ¢ quatro
dias apoés a inoculagiio (1,8 ¢ 2,4%, respectivamentce).

Fmbora nenhum tratamento tenba tido efeilo ermadicante
quando aplicado até dois dias apds a inoculagio, a diminuigio
da viabilidade dos ureddsporos, comprovada pelo teste de
germinagio em dgar-dgua (Tabela 3) mostrou o efeito curativo
dos fungicidas. A porcentagem média de germinacio dos
urcdosporos das plantas sem tratamento foi de 55,1%. Niéo toi
abservada interagfio fatorial significativa nesse ensaio. Na
média, todos tratamentos com lungicidas foram eficientes na
redugio da genminagiio dos uredosporos, sendo a germinagiio
cstatisticamente inferior a testemunha sem tratamento pelo
teste de Tukey ao nivel de 5% de significancia. Com excegiio
do carbendazin, todos os fungicidas inibivam acima de 66G% a
germinagio de uredésporos, quando aplicados até oflo dias
apos a inoculagio, no periodo de incubagio da doenga,

O padrio de esporulagio de P pachyrhizi caracteriza
s¢ por apresentar eurva de produgio didria de esporos com
virios picos de maxima esporulbagio distribuidos durante todo
periodo infeccioso (Melching ef af | 1979). A redugiio nos
sitomas, associada da menor viabilidade dos ureddsporos apos

TABELA T - Eleito protetor ¢ residual. Severidade + desvio padrio ¢ controle (%) das plantas de soja (Glycine max) tratadas com lungicidas ¢
movuladas com suspensio de uredosporas de Phakopsora puchyrfiizi aos quatro. oite ¢ 14 dias apds os lratamentos (IDAT)

] . 4 DAT ‘ 8§ DAT 14 DAT Severidade
TRATAMENTO Severidade Controle Severidade Controle Severldade Controle média (%)
(%) (%) ()
| Tessemunha sem aplicacio 9,1£25 a A b 10321 aA 0 13142 aA 0 10,22
2, Azoxystrobin 50 g i.a./ha 06406 bcA 93 08+07 bA 92 35113 odA 69 16 ¢
3. Cawrbendazin 250 gia/ha 4103 b B i3 7714 aA 25 891006 abaA 21 63 b
4. Tebuconazole 100 g i.a./Ma 0.0 cB 100 01%02 bR 99 1,3403 edA 88 05 ¢
5 Difenoconazole 30 g t.a./ha 0.0 ¢ B 100 08%1 bB 9 1441 beA 61 17 ¢
6. Lposiconazole 25 4 pyraclostrobin 66,5 gia.ha 0.0 c B 190 01+0,1 bl 99 1LEL06 d A 9% 04 c
Sevcridade média (%) TR ¢ 33 B 51 A

Médias seguidas por letras distintas, mintsculas na vedlical ¢ maitisculas na horizontal, diferem entre sk, ao nivel de 5% de probabilidade, pelo weste do

Tidey.
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TABELA 2 - Efeite curativo dos tratamentos. Sevenidade + desvio padriio ¢ controle (%) das plantas de soja (Glycine max) tratadas com
fungicidas dois, quatro c oilo dias apds a inoculagio (DALY com suspensio de ureddsporos de Phakopsora pachyrhizi

2 DAl 4 DAl ‘ 8 DAl ——
LS MY ch::/i:)ladc Conirole Sc\‘:‘;i.:)ladc Controle he\'::/i.c;xdc Controle média (%)
1. Testemunha sen aplicagio 571115 0 6,7+ 1.7 0 171£22 0 6.7a
2. Azoxystrobin 50 g ia./ha 0407 93 0,510,3 33 3417 56 14 c
3. Casbendazin 250 ¢ ia. ha 1,4£05 75 1,5+1,3 78 58404 5 29 be
4. Tebuconazole 100 g i.a./ha 19£0,4 67 24+038 64 52412 n 32b
5. Difenoconazole 30 ¢ ia/ha 09+05 84 2,1£0.7 69 6.9+1.2 10 33b
6. Lpoxiconazole 15 + pyraclosirobin 66.5 g i.a/ha 0410, 93 1,0£0,5 85 59416 23 24be
Severidade média (%) 188 24B 58A

Médias scpuidas por letras distintas, mmiscubas na vertical ¢ maidsculas na horizontal, diferem cntre si, ao nivel de 3% de probabilidade, pelo teste de

Tukey.

TABELA 3 - Porcentagem de germinagiio ¢ geminagio relativa de weeddsporos coletados nas plantas de soja (Glycine micx) tratadas coan
fungicidas dois, quatro ¢ oito dias apds a inoculagdo (DALY com suspensio de uredosporos Phakopsora pachyrivizi

1 DAl

TRATAMENTO

4 DA 8 DAI Germinagao

Germinagio Germinagio -Gcr[iﬂnav;ﬁu Germinagho  Germinaglo  Germinagdo g0 (%)

{%) relativa (%} (%) relativa (%) (%] relativa | %)

1. Testemunha sem aplicucago o 494462 100 60,3483 104 555132 106 55,1a
2. Asoxysirobin 30 g ia.la 78142 16 11,2463 i9 §7+12 16 92 b
3. Carbendazin 250 g i.aha g§1+58 16 12,71 5,6 20 36,6 10,5 66 19,1 b
4. Tebuconazole 100 g i.a.fa 53£32 11 5.6 14,7 i 1.2 £08 20 14 b
5. Dilenoconazole 50 g i.aha 52174 11 80 413 13 208 +59 37 1ib
6. Epoxiconazole 15 + pyraclostrobin 66,5 giaha 38116 8 13,7489 13 13,2449 24 10,7 b
Genminagio média (%) 1338 18.6 AB 243 A T

Médias segwidas por lewras distintas, mintsculas na verticat ¢ manisculas ma horizontal, diferem emre s1, ao pivel de 5% de probabilidade, pelo teste di

Tukey.

a aplicagdo de fungicidas, pode retardar o progresso da doenga
no campo para paodgenos que apresentam esse padrio de
csporulagio.

O fungicida carbendazin, pertencente a0 grupo dos
benzimidazois, apresentou a menor cticiéncia de controle, tanto
na aplica¢io preventiva como na curativa. Os resultados
disponiveis na literatura a respeito desse grupo de fungicidas
para controle da ferrugem da soja sdo contraditorios, sendo
eficientes em alguns trabalhos ¢ incficientes em outros (Sinclair
& Hartman, 1996).

Os resultados mostraram que os fungicidas testados,
ja registrados para a cullura da soja, pertencentes aos prupos
estrobilurinas ¢ triazois, sozinhos ¢ em misturas, sdo clicientes
no controle de P pachvrhizi. A presenga de mais de um grupo
com cliciéncia comprovada ¢ importante no que diz respeito
a0 mancjo de resisiéncia de fungos a fungicidas. Fungicidas
com modo dc agio cspecifico possuem um maior risco de
sclegio de populagdes resistentes do patdgeno, devendo-se,
dessa forma, alternar produtos com diferentes modos de agdio
ou utilizar nuisturas prontas dos dois grupos (Kimati, 1995),

Em condi¢des de campo, como as re-inoculagocs
naturais sucedem-sc durante todo periodo infeccioso, devem-
se realizar estudos sobre nimero ¢ épocas de aplicagio dos
fungicidas para evitar danos coma ferrugem da soja. Estudos
sobre a eficiéncia de diferentes fungicidas no controle curativo,

100

359 of 728

apos a observiagaw da doenga no campo, devem ser realizados,
para verificar i real necessidade de aplicagbes preventivas,

REFERENCIAS BIBLIOGRAFICAS

BASSANEZL R B Interagdes catre o mosaico-cm-desenho do
feljociro ¢ duas doengas fangicas, fermigem ¢ manclu angular, em
plantas de leijocire. (Dissertagio de mestradod. Piracicaba.
Universididde de Sio Paulo. 1995,

CALDWELL, I, LAING, M. & JULIAN, W. Soyhcan rust - an
imporctant new discase on soyhcans. hitp://www saspp.org/
archived_articles/Pat_Caldwelllan2002.php.

DESLANDES, 1A, Ferrugem da soja e de outras leguminosas causadas
por Phakopsora pachyrehizi no Estado de Minas Gerais. Friopatologia
Brasileira 4:337-339. 1979,

CARVALIO JUNIOR, A A. & FIGUEREDO. M1, A verdadeira
identidade da ferrupem da soja no Brasil. Summa Mytopathologica
26: 197-200. 2000

DICKENS, J.5.W. Studies on the chemical control of chrysanthemum
while rust caused by Puccrnia horiana. Mant Pathology 39:434-442,
1990.

FEHR, W.R. & CAVINESS, C.I5. [owa State University. Special repont
80, March, 1977.

HARTMAN, G.L., WANG, T.C. & SHANMUGASUNDARAM,
S. Soybcan rust rescarch: progress and luture prospects, In:

Fitopatol. bras. 29(1). jan - fev 2004

SYNGENTA EXHIBIT 1038

SYNGENTA v. UPL, PGR2023-00017

314



Ifeitos profeior, curativo ¢ crradicante de fungicidas no controle...

Napompeth, B. (I%d) Waorld Soybean Research Conlerence. Chang
Mai, Thailand. Proccedings. 1994. S81p. pp.180-186.

KIMATI, H. Controle quimico. In: Bergamin Filho, A.. Kimati, H. &
Amonim, L. (Ed.) Manual de Fitopalologia: Principios ¢ Conceilos,
vol.1. 3 ed. Siio Paulo, Editora Agrondmica Ceres. 1995, pp.761-785.
MELCHING, 1.5., BROMFIELD, K.R. & KINGSOLVIER, C.H.
Infection, colonization and uredospore production on Wayne soybean
by four cultures of Phakopsora pachyrhizi, the cause of soybean
rust. Phylopathlogy 69:1262-1265, 1979,

MELCHING, 15, DOWLER, W.M,, KOOGLE, DI, & ROYER,
M. Lffect of duration, frequency, and temperature of leal’ wetness
period on soybean mest. Plant Discase 73:117-122, 1989

ONO, Y., BURITICA, P. & HENNEN, JE Delimitation of
Phakopsora, Physopella and Cerotelinm and heir specics on
Leguminasae, Mycological Rescarch 96:825-850. 1992

SINCLAIR, 1.B. & HARTMAN, G.L. Soybean Rust Workshop.
Urbana, lllinois. Proceedings. 1996,

Fitopatol. bras. 29(1), jan - fev 2004

360 of 728

SINCLAIR, 1B, & HARTMAN, G.L. Soybcan rust. In: Hariman,
G.L., Sinchur, 1.B. & Rupe, J.C. (Eds.). Compendium of soybcan
discases. 4. ed. St. Paul, Minnesola: American Phytopathological
Socicty. 1999. pp.25-26

YANG, X.B., TSCHANZ, AT, DOWLER, W.M. & WANG, T.C.

Development ot yield loss models in relation to reductions of

components of soybeans infected with Phakopsora pachyrhizi.
Phytopathology £1:1420-1426. 1991.

YORINGORI, 1T., PAIVA, W.M., FREDERICK, RD. &
FERNANDIEZ, PET. Ferrugem da soja (Phakopsora pachyrhizi) no
Brasil ¢ no Paraguai, nas salras 2000/01 ¢ 2001/02. Resumos, 1
Congresso Brasileiro de Soja, Foz do [guagu, R, 2002a. p.94.
YORINORI LT KIHL, RAS, ARIAS, CAA., ALMEIDA, LA,
YORINORL M A. & GODOY, C.V. Reagdes de cultivares de soja a
lerrugem “asitica™ (Phakopsora pachyrhi=i). Resumos, XX1V
Reunifio de "esquisa de Soja da Regido Central do Brasil, Sio Pedro,
SP., 2002h, p. 149

02164

101

SYNGENTA EXHIBIT 1038

SYNGENTA v. UPL, PGR2023-00017

315



PAPER 4

See discussions, stats, and author profiles for this publication at:

Epidemics of Soybean Rust ( Phakopsora
pachyrhizi ) in Brazil and Paraguay from 2001 to
2003

Article  Plani Disease - June 2005

DO 10.1094/PD-88-0675 - Source: OAl

CITATHING READS

247 197

8 authors, including:

@ 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:

Monitoramento da eficacia de fungicidas em ferrugem da soja

Manejo integrado de doengas de plantas

All content following this page was uploaded by on 19 September 2014.

The user has requested enhancement of tihe downloaded file. SYNGENTA EXHIBIT 1038
361 of 728 SYNGENTA v. UPL, PGR2023-00017

316



Symposium
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ABSTRACT

Yorinon, J, T, Pava, W. M., Frederick, R. D, Costanulan, L. M., Bertagnolli, . ., Hartiman, G.
k., Godoy, C. V, and Nunes, 1., Jr. 2005, Epidemics of soybean rust (Phakopsora pactivehizi) in
Brazil and Paraguay from 2001 10 2003, Pltant Dis. 89.675-677.

In § March 2001, a severe rust ombreak was recorded at Pitapo, Paraguay, and the causal organism
was detennined to be Phakopsara pachvrlizh wsing polymerase chaim reaction (PCR) and DNA
sequence analysis. In May, rust surveys showed spread throughout most of Paraguay and into west-
cm and northem Pavana, Brizil. 1n the 2001-02 scason, rust was widespread in Paraguay, but Tosses
were reduced due 1o severe drought; however, in Brazil it spread to moue than 60% of the soybean
acreage, causing ficld losses estimated at 0.1 mullion metne wns (MMT). In 2003, the discase was
observed nomore than 90% of the ficlds in Braal, and the projected losses in Mato Grosso and
Bahia alone are 2.2 MMT (US$487.3 million). Approximately 80% of the soybean acreage in Bra-
7l wus sprayed twice with fungicides at the cost of US$544 mallion. Ditferences in efficacy have
heen observed among the commercial strabilue and nazol fungiedes

Soybeans (Glyeine max) are inlecied
by twu species of Phakopsora that cause
rust discase, P omeibomiae ("Amcrican”
rust) (3,8) and the most fearcd, £ pecivr-
Tizi, the cause of the “Asian™  rust
(1.6.7.9). In March 2001, a rust cpidemic
was recorded at Pitapd, Paraguay, causing
severe yield losses {5). In May, the dis-
ciase was also Tound on volunteer and
sceond-crop soybeans in Paraguay and
Brazil (Fig. 1). Comparative DNA tcsts
between 2 meibomiae and P pachiyrhizi,
performed at USDA-ARS-NAA. Foreign
Dizcase-Weed  Scicnce  Research Unn
(FDWSRLY, Fort Detrick, MD, confirmed
that the epidemic was caused by P
pachvriuzi (4). In this work, a report is
given on the expansion of rust discase and
the losses caused m Paraguay and Brazil
from 2001 10 2003

MATERIALS AND METHODS
Discase survey and yield loss assess-

ments were carricd out through lekd visits,

lungicide trials, comparisons between
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sprayed and unsprayed Carmers” ficlds, and
visual assessmient by associaling discase
seventy and plant growth stages, In 2001,
discased leal samples were collected rom
Paraguay and Brazid and sent w USDA-
ARS:-NAA, FDWSRU, (or species identi-
hication by DNA analysis and comparisons
between known P metbomiae and £
pachyriizi isolates.

RESULTS

[n Paraguay in 2001, rust control with
fungicides resulted in 60% higher yicld
than the cheek (FFig, 2). A disease survey
completed in May showed severe inci-
denee of rust on volunteer and second-crop
soybeans in all surveyed areas (4). In Bra-
zil, st was also found on volumicer and
sccond-crop  soybeans in the west and
north ol Parana state (5,10). The genctic
analysts of the (wo Plakopsora species
confirmed that the rust epidemic  was
caused by P pachyrhizi. Besides soybeans,
in Paraguay, kudzu bean (Preraria fobata)
growing wild on the roadside and in lor-
csted arcas  was  heavily infected and
showed 1o be an important source of inocu-
lum for rust.

In the 2001-02 crop scason, rust was
found on all soybcan (iclds in Paraguay,
from Encarnacion 1o Troncal 3 (Catueld)
(Fig. 3), but severe drought and extensive
use of fungicides reduced losses. In Brazil,
the rust was found on an estimated 60%

ol soybean acreage, being especially scri-
ous in the south-central regions. In south-
ern Goias (GO) and Mato Grosse (MT)
and the northeast of South Mate Grosso
(MS) (Fig. 3), yicld losses ranged lrom
30 1o 75%. In Rio Grande do Sul (RS),
losses on individual farms were as high as
48%. Based on government (CONAB,
JUN/O3) soybcan proaduction  cstimates
for the 2001-02 crop season (41.917 mil-
lion 1), total grain losses due to rust
reached 569,220 1 (USS125.5 nullion, m
USS22¢0.504) (2)

in 2002-03, the soybean rust spread (o
almost all ol Braal, with fcw places not
reporting cases of rust (Fig. 4). Despile
the abundant rainfall, the high tempera-
tures in the South may have restricted rust
development i those arcas where 1t was
severe the previous year, The discase was
most severe where it was not recurded
belore: the northeast (Bahia-BA)Y and the
north-central - (MT, GO, and Minas
Gerais) regions, In two of the hardest hit
states (MT, with 4.2 million ha, and Ba
hia. with 830,000 ha), the losses were
estimated at 3.0 million t or the cquiva-
lent (o USS677 million. Additional losses,
as high as 63%, occurred in the states of
RS, GO and MG. Total grain losses lor
2003 were estimated at 3.4 million v or
the cquivident 10 US3759 mullion, Be
canse of the rust outbreak in the previous
vear, about 80% (14.8 million ha) of the

State of
Farana

in 200N

Fig. 1. First rost sites in Paragoay and Brazil,
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soybean acreage in Brazil (18.534 million
ha) had an average of (wo fungicide
sprays. At the cost of US340.00/ha, a
total US$592 million was spent on con-
trol. Therefore, the cost ol soybean rust (o
Brazilian farmers in 2003 rcached the
ligure of US$2 billion.

The rust epidemics that occurred in the
northcast and north-central regions of Bra-
#ik were due to a new and highly virulent
race of . puchyrhizi. This race broke the
resistance of all available commercial va-
rictics, and for the first time, a severe in
fection and sporufation on the cotyledons
was seen under greenhouse conditions
(Fig. 5).

The first outbreak of rust in Bolivia was
detected at San Juan de Yapacany, in the

s : ) g 12 last week ol July 2003, affecting the sec-
A ‘ L ' ¥ : PR d plantings grown n the winter lor sced
Spraved { ity Unspraved ond plantings grown i c sC

E " ft M AL 43"% pral production, A litde over 100,000 ha are
’:‘lrugua}'.. CRIA. March 5, 2001 ; normally sown during this season. Al-

though there is no rainfall during the win-
ter, the cool weather allows for adequate
moisture for a prolonged dew  period.
Thus, there is a potential [or heavy Josses
due to rust. Morcover, application ol foliar
fungicides is not a rouline practice on see-
ond-¢rop soybeans.

The efficieney of rust control depends
upon carclul and continuous lield monitor
ing and tGmely application of (ungicide.
Currently, strobiluring and triazol lungi
eides are being used. [Uis importanl 10 note
that remarkable dilferences exist among
these compounds in their mode ol aclion
{preventive and curative). Prior knowledge
of this detail is ol utmost importance in
choosing the fungwde and the uming of
application, once the discase 15 established
on the plant.

with rust in
2002
-60%% of total)
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