


00001603



Consultancy on EMBRAPA breeding progranm
for resistance to wheat diseases



1\ C X
pl 001261 v pies
x3-©%0



Série Publicacdes Miscelineas N9 A$/BR-87-020 .
ISSN-0534-0591

Consultancy on EMBRAPA breeding program
for resistance to wheat diseases

Consultant Final Report
IXICA/EMBRAPA-PROCENSUL IX

Manfred Heun
v o Brasilia, abril de 1989

! INSTITUTO INTERAMERICANO DE COOPERACAD PARA A AGRICULTURA
EMPRESA BRASILEIRA DE PESQUISA AGROPECUARIA



Heun, Manfrec . : :

Ccnsultancy on EMBRAPA breeding projram for
resistance to wheat diseases.. Consultant firnal
repcrt IICA/ZMBRAPA_ PROCENSUL II/por i‘enfred
Heun.- Brasilia : ITCA/EMBRAPA, 1989.

15 p. (IICA. Série Publicagoes Miscelaneas,
A4/BR 87-323) ’ .

ISSN 0534-0561

1. _Variedade Resistente - Trigo. I. TItulo.
II. Serie. :

AGFIS F30; H20
CDU 632,938



APRESENTACAO

A reproducgido e difusdo dos Relatdrios de
Consultores, no ambito restrito das Diretorias das
Unidades do Sistema Nacional de Pesquisa Agrope-
cudria, . vinculado a EMBRAPA, tem como objetivo
principal o de divulgar as atividades desenvolvidas
pelos consultores e as opinides e recomendago=es
geradas sobre os problemas de interesse para a
pesquisa agropecuaria.

As atividades de consultoria s3o realiza-
das no ambito do Projeto de Desenvolvimento da
Pesquisa Agropecuédria e Difusdo de Tecnologia na
Regido Cemtro-sSul dc Brasil - PROCENSUL IXI, finan-
ciado parcialmente pelo Banco Interamericano de
Desenvolvimento - BID e a EMBRAPA conforme os con-
tratos de Empréstimo 139/IC~-BR e 760/SF-BR, assina-
dos em 14 de marco de 1585 entre o Governo Brasi-
leiro e o BIb.

As opinides dos consultores s3o inteira-
mente pessoais e n3o refletem, necessariamente, O
ponto de vista do IICA ou da EMBRAPA.

A coordenagdo dos Contratos IICA/EMBRAPA
agradeceria receber comentdrios sobre estes rela-
térios.

- py

Horacio f#"Stagno
Coordenador Contratos IICA/EMBRAPA
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Final report of the consultancy (2.58.3) of Dr. Manfred Heun
concerning cooperation with EMBRAPA on research activities in
the field of crop production

1. Acknowledgements

First of all, I would like to thank Mr. A.G. Linhares for the good tech-
nical preparation of my stay at Passo Fundo. Dr. G.N. Arias and Mr. P.L.
Scheeren helped a lot by translating from Portuguese/Spanish to English
and enabled me to follow the presentations at the seminar and the excur-
sion. Many thanks are due to them. .

2. Recall of functions
My stay in Brazil was based upon two duties/responsibilities:

I. a) To participate in the seminar on wheat bresding for resistance to
diseases organized by IICA-PRICISUR/CNPT/EMBRAPA

b) To deliver a lecture: “"Cereal breeding for resistance to diseases
(especially wheat) - the Eurcpean experience"

¢) To participate in an excursion to Parand and Mato Grosso do Sul
I1. a) To review the current breeding program for resistance to wheat di-
seases at CNPT/EMBRAPA

b) To suggest changes aiming at improving its efficiency

3. Results

Within the first part of my stay in Brazil I mainly was in a passive
function which means that the program of the seminar (2nd to 5th August
1988) and the excursion (6th to 11th August 1988) had been arranged, and I
only had to participate, to listen, to ask and, if possible (only Dr. Wahl's



and my own presentation were giyen in Englisi), to give coments.

ad I. a) Almost all of the 23 presentatiois reld at the :enirar from the

six ccuntries of the Southern Corne (one presantetion from Argentina, one
frem 3olivia, 14 from Brazil, three from Chile, one from Paraguey and two
frco Jruguay) were well prepared, w~ell preseitec and of higt :nterest for
the participants as active discussions showel. 12 cresentaticns from the

14 from Brazil were given by EMBRAPA members: this allowed ne tc become
kncwn with EMBRAPA activities. Since all preientzticns will be zublished
soon, it would be ineffective to ;9 too much ints dztail here.

Unfortunately, the presentaticn of the CIIMYT zciivities within the
spring bread wheat program (given Sy Dr. S. ilajaram) lacked act.zlity and
reviewed only 'known' facts. O0ld-fzshioned versions, e.g., abcut the poly-
genic nature of quantitative resistances werw given and handled is absolute
truth. Ccnsequently,':he oossibiiities, e.g. for hindling quentitative
resistances in breeding programs sere neglec:.ed. I think that it must be
a Cuty to recognize current publications.

In additon, I would like to prcpose that rome (not much) ~essarch must
be undertaken to verify the underlying assumjtioas “or the raspective bree-
ding material. Only then, more rezlistic estimation; about tie crances of
further efforts wili exist. CIMMYT should prcvid: such infornatizns because
of its intermediate position between science and applied bre:dinz.

Mo doubt, the seminar was a success; the participants (all tczether 75)
of the Southern Cone came together, discussec similarities aid, zlso im-
portant, differences between the Cisease sitiations in their countries.
Stimulated by Or. M.M. Kohli (CIMMYT) an interesting summary ‘/as cbtained:

- Puccinia recondita, Puccinia graninis and Septoria tritici are
the three fungi which are most inportani for the whoie Southern
" . Cone.

- Fusariuz graminearum, Helminthostoriis nritici-r:pent:s, Erysiphe

graminis f. sp. tritici, Septorir nodorum are of intermediate
importance.
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- Pgriculsria oryzae, Puccinia striiforzis and Fusarium culmorum
are only of local importance at the moment.

Then, coordinrators were propcsed to lezd further efforts concerning the
respective diseases. Everybody accepted this responsibility personally,
although some mentioned that they are not in cnarge to give an official
acceptance. Obviously, policy and administration habe to be taken‘into ac-
count. I guess that 'PROCISUR' (the cooperative program for agricultural
research in the Southern Cone) should try to overcome existing barriers.

I proposed td initiate a program for analysing the virulence situation
of the leaf rust population (puccinia recondita f. sp. tritici), realized
. by a Ph.D.-student who will be supervised by an independant group/person.
A close connection between all responsibles in the respective countries
must be built up; the independance of the supervision is necessary to over-
come local restrictions. I discussed this croposal with a couple of scien-
tists, especially with Mr. M.C. Medeiros, Mrs. A.L. Barcellos and Mr. A.G.
Linhares. It became evident that it must be the first step to identify the
existing leaf rust resistance genes in the currently used cultivars, then
followed by a virulence survey interpretated cn the basis of field observa-
tions of test cultivars. The need of this cver-regiounal analysis was accep-
ted.

ad 1. b) My own presentation intended to cause a broad discussion, and
it 'introduced' me to the other participants. Since my contribution wiil
be published separately, it needs no further comments here.

ad 1. c) The excursion to Parand and Mato Grosso do Sul was arranged by
Mr. 0. de Souza Rosa in a good way and allowed all participants to becom
close and to continue with discussions. No doubt, an essential aspect. The
6th and 7th August was filled with travelling and sight-seeing at Iguacu and
Itaipu. On 8th August the experimental station of OCEPAR at Cascavel was
visited. On 9th August we went to see two experimental fields of EMBRAPA-
UEPAE at Dourados. In the afternoon we stayed at the farm Itamarati
(45000 ha); the evening was filled with a final coming together, sponsored
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by seed producers of Mato Grosso Jo Sul (APROSSUL). The 10th and half of the
11th August were used for travelling back to Passo Fundo. My minor criti-
cism is that the relation between the travelling time and the time for
field cbservations was not very z‘fective. I scretimes missed an intensive
ciscussion of the respective objsct; but it must be mentioned that I would
not like to miss that excursion.

ad II. a+b) Starting in the afzernoon of 11th August, I had three and
a naif day (11/12/15/17th August) for assessing the wheat breecing programs
for resistance at CNPT/EMBRAPA. Furthermora, I .sed one dey (16th August)
for Ziscussions with Dr. A.G. Arizs and otlers ezout the barley breading
pregram:

I was highly impressed of the very good cccoperation between the ZMBRAPA
bzrley breeding program and others financed ty treweries and/or malting '
ccnoanies. The evaluation of the .ines produced Sy these Brazilian barley
breszers is done tcgether, ensuring an objective judgement of the value of
the lines. There has been a high inprovement ccncerning the Pyreacphora
ceres resistance of the current lines compared with the old cultivars. The

~same is true for the aluminum tolsrance ani the ~alting and brewing quality.

All my comments now are focusssd on wheat, only:

had the possibility to have discussions with the following scientists:

decartment of phytcpathology

a Mrs. A.L. Barcellos © about Puccinia recondita
b Mr. J.F. Sartori " Pucc:nia gram.nis and Fusarium
culzorum
€ Mrs. W.I. Linhares " Erysiphe graminis
d Dr. E.M. Reis " Fusarium graminearum, Helmintho=
‘ sporium sativum
e Dr. A.M. Prestes “ Septoria nodorum



f Dr. J.M.C. Fernandes about crop rotatﬁon; Septoria nodorus .
g Mrs. M. Fernandez *  crop rotation, zerc tillage
h  Mr. J.A. Diehl . Gaeumannomyces grazinis

department of wheat breeding

i Mr. C.N. A. de Sousa " aluminum tolerance, general wheat
oreeding . .-
J  Mr. 0. de Souza Rosa " backecross program

department of cytogenetics

k Dr. M.I.3. de Moraes Fernandes “ synthetic wheat, igropyron , anther
) culture

I would like to report about these discussion in three parts:

A containing discussions with'a,b,c,i,j and k
B " - " d,e
c " ] ] f.g.h

ad A: Here we discussed about the three cbligate fungi P. recondita,P. gra-
minis, Erysiphe graminis which have the capacity to become virulent very
easily to the resistance genes of the host.

Mr. 0. de Souza Rosa created a backcrossing program for introducing
existing rust (called Sr and Lr) and mildew (named Pm) resistance genes in-
to adapted Brazilian cultivars. He observed that the backcrossing with only
one parent is more effective (under the conditions of Mato Gresso do Sul)
than the use of different parents. The disadvantage to use always the same -
parent is evident by the fact that only the yield level of that parent can
be obtained but not, as usually wanted by plant breeders, a material out-
yielding the current cultivars. We concluded that two goals must be separa-
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ted: The introduction and the improvement aork. To reach tne first goal,
quick backcrossing with the same parent shculd be done thrse or four times;
then two or three backcrosses with other cultivars shbulq'fcllgw for ob-
taining the second goal. As a by-product, thg"near-isogepic' lines «ith
the new resistance genes (obtained-aftér three or four backcrosses) zould
be used as a test sortiment for getting informatlons.about the expression
" . of these resistance genes under different -ield ‘conditions. If hon-édabted
lines originating from different regions in the world would be used {some-
times no cther material is available), difrerences in growth habitus stc.
would case disturbances influencing the proper di'sease -assessment. Thus,
even ‘near-isogenic' lines not outyielding the current cultivars but adap-
ted to Brazil are of high value. )

Mrs. A.L. Barcellos and Mr: J.F. Sartor: (eariier Mrs. E.T. Coelhc) are
involved in that backcrossing program by rikirg isolates of P. recondita .
tritici @nd p. graminis available. These isolates were obtAxned out ¢ the
field in different years. The greennouse conditicns for meintaining énd
tesing these isolates are adequate.

Two aspects were dxscussed intﬂnsxvely

1. In future, rust resistance: genes must be identified to get a be:ter
knowledge about the pressure on the-cathogcan population and to predict chan-
ges. For identifying the currently used resistance genes, pure-isolates
must be selected, allowing to differentiate between reisstance genes. Seve- .
ral good isolates are available at the morent, others havé to be selected.
Then, .by taking into account pedigres reletionships, the identificption
of the resistence genes in the different cultivars should be started. With
these informations in mind, a virulence survey and field observations of
test sortirents can be used to clarify the whole picture about the host-
pathogen systems. This should not be limited to Brazil, but should take in-
to account the whole Southern Cone, since interactions among the disease
developments in the different countries can b2 expected. This work is |
applied science and allows better predictions concerning, e.g., the use
of new resistances. Thus, these results wculd enable the involved plant
breeders to focus their activities. All these aspects were discussed in-’
tensively.

'
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2. We also started to change the map of frequencies of Puccinia graminis
races into a map of virulence frequencies. This is possible since the viru-
lences of the respective races are kncwn. But it is only correct to do so,
if these virulences were determined for describing the races at that time
when the races were sa~pled, tested 2nd classified. Thus,this can not be
done retrospectively, 2.g. by determining the virulence against a new gene
and by assuming that all G1 isolates sampled in 1955 would react like the
used 61 races obtainea in 1988. I guess that a virulence map would simplify
to detect changes in the pathogen population, especially if knowledge about
the underlying resistzace genes would be available.

Informations about <he use of cultivars (obtained via Mr. A.G. Linha-
res, Mr. C.N.A. de Sousa, Mr. P.L. Scheeren and OCEPAR) are gocd and would
be helpful, too: Frcm the 1717500 ha sown with wheat in Parand in 1987,
84.1% were covered with six cultivars: 'Anahuac’ (43.9%), 'Tapejara' (14.4%),
'Maringa’ (12.7%), 'PAT 7392' (4.8%), 'Cocoragne' (4.2%) and 'Batuira’
(4.1%). For Rio Grande do Sul the same was true: the six cultivars ‘Tapes'
(30.5%), BR 14 (22.0%), CEP 11 (12.1%), CNT 8 (8.8%), 'Minuano' (8.7%)
and BR 15 (7.7%) are covering 89.8% of the total wheat area (981331 ha).
Parand and Rio 6rande <o Sul have 78.5% of the wheat area sown in Brazil
in 1987. Obviously, it should be possible to analyse this little number
of cultivars with resgect to their majcr resistance genes against Puccinia
recondita, Puccinia grazinis and Erysiche graminis.Even if some other cul-
tivars or ancestors have to be considered, it is still realistic to do so.
These resistance gene data have to be combined for each year to allow an
analysis of the use of specific resistance genes in different years. These
data combined with virulence data and field observations will give a clear
pattern of the host-pathogen situation.

The work for mildew performed by Mrs. W.J. Linhares in the last years
used mixtures of powdery mildew obtained from the field each year and used
in the subsequent greenhouse period: By doing so, the resistances of culti-
vars and lines were described. In future, the building up of defined iso-
lates would be helpful for improving the efficiency of that program. All
things described above can also be done here. But the limiting factor here
are the present greenhouse conditions: powdery mildew needs temperatures

-9-



< 20°C. The conditions for maintaining powdery mildew isolates and for
doing separate inoculations with specific isolates must be improved. This
is a pre-assumption for further efforts in the direction of identifying
powdery mildew resistance genes and for deing virulence aralyses. All tech-
nical detzils were discussed; I guess the nost technical problems can be
overccme py investing about 3000 uSS.

All aspects-discussed till now are linked; the diseases are different,
but the underlying mechanisms of the host-cathogen systems are very similar.
The backcrossing pregram depends ca the us2 of well defined isolates. The
work of Mr. C.N.A. de Sousa, aiming at Jeccribing all used 3razilian culti-
vars, their pedigrees and their'multiplicetién areas,.can be used directly
as described above for all three ciseases. Combining all efforts will re-
duce the efforts for the single scientist. Some genetic szudies, e.g.,
about the dominance change of the °m8 resistance (reported by Mr. C.MN.A.
de Sousa) could be verifiad by using specific mildew isolates. Genetic stu-
dies (some should be done, but not too much) can be used for knowing the
breeding —aterial better. On a long term scale, quantitative differences
can also Se taken into account, but the work with the major resistance genes

" should be done within the next future.

- The work of Dr. M.J.B. de Moraes fernardes is a very important part of
that group. The incorporation of new resistances from Aegilops squarrosa by
producing synthetic wheats or from agropyron is necessary for brcadening the
genetic basis. Since her work is very expensive and since it must be seen
on a long term scale, the very procer ana.ysis of the original parents (the
Aegilops sguarrosa and Agropyron lines) i essential. The production of
doubled haploids should be continued and :ncorporated into breeding pro-
grams, e.g., aiming at the transfer of quantitative resistances from wheat
ancestors into adapted wheat cultivars. Uafortunately, the greenhouse con-
ditions are poor. Dr. E. Picard mentioned that before (Final report: Bio-
technology and Plant Breeding, 1987), strassing the fact that the quality
of the donor plants is essential for the success of the :nther culture
method (see also: Olsen, F.L. 1987: Induczior of microspcre embryogenesis
in cultured anthers of Hordeum vulgare, Tie effects of ammonium nitrate,
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glutamine and asparagine as nitrogen sources. Carlsberg Res. Commun. 52,
393-404). Again, 3000 US$ would Se a big help for the beginning. The incor-
poration of more sophisticated methods like the microspore culture or trans-
formation systems are not necessary at the moment.

ad B: I was highly impressed by the work of Or. A.M. Prestes working
on Septoria nodorumand of Dr. E.M. Reis presenting his work about Fusariua
graminearum and Helminthosporiua sativum, These diseases are different
frem those mentioned earlier beczuse of the pathcgens' non-obligate life
cycie; the adaption to the host zenes is nct that specific. Consequently,
resistances, if they occur, are cnly expressed quantitatively. Yery sophis-
ticated methods for observing quantitative differences are necessary. Diffe-
rent traits (for Septoria the latent period, spore production, coloniza-
tion of nodes, infection of the car etc.) have to be assessed. On the other
‘hand, these methods for determining the resistance level must be simple to
become applicable to b}eeding programs, and it is not simple to find that
compromise. Working with these ciseases needs phytopathologists interested
in plant breeding whereas the earlier mentioned obligate pathcgens need
plant breeders interested in phytopathology.

Consequantly, the work of Dr. A.M. Prestes and.Dr. E.M. Reis is more
related to phytopathclogy. They can show that these diseases can be con-
trolled by a better rotation having wheat only every second year and by the
use of non-contaminated seeds (important for sSeptoria nodoruzm and welmintho-
sporium sativum). The existing quentitative differences among cultivars are
considered as an additonal source for cont »lling the disease. well defined
conditions for inoculating field plots are being developed.

Linkage with the above-mentioned backcrossing program exists.

ad C: Within this group, rotation and zero tillage are the sost impor;
tant scientific goals. A big program financed by the Canadian government
is involved. These.programs are not directly linked with resistance bree-
ding and consequently, I do not want to mention these efforts. Since I did
not have the chance to discuss with Or. W.C. da Luz. and Mrs. L.A. Sélli, their
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work can not be mentioned here, %o00.

4. Summary
- Alaost all pafts of the breedinj projects of wheat are very well performed.

- The fact that many EMBRAPA pec:le were also edicated in different coun-
tries (like USA, West-Germany) increased the 'variability' of ideas.

- 1. proposed some changes, hopfh; that they will help to increasz the effi-.
ciency.

- A short review of my activities is given by this final report.

- I offered that some work like :tne identificaticn of powdery miidew re-
sistance genes, the analysis of tne dominance change of Pm8, the descrip-
tion of systhetic wheats etc. couid be dore in our laboratory, if wanted.

- The greenhouse conditions shouid be improved; “acilities for maintaining
powdery mildew should be created; the library needs to be improved since a
lot of periodicals are being missad. :

- 1 would also like to keep in ccatact with EMBRAPA, especially for observing
the initiated work about the identificaticn of resistance genes and their

use at EMBRAPA.

- Seminars and visits of consultants are essential and helpful. I hope that
my consultance will be helpful, tso.

Ww//z—
24, August 1988 (Or. Marfred Heun)’
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Programa II. Geracdo e Transferéncia de Tecmologia

O Programa de Geracdo e Transferéncia d2 Tecnologia
& a resposta do IICA a dois aspectos fundameéntais: (i) o
reconhecimento, por parte dcs paises e <¢a comunidade
técnico-financeira internacicnel, da importdncia da tec-
nologia para o desenvolvimento produtivo do sztor agrope-
cudrio; (il) a convicgado generalizada de qie, para apro-
veitar plenamente o potencial ¢a ciéncia 2 ¢la tecnologia,
é necessario que existam infras-estruturas institucionais
capazes de desenvolver as respcstés tecnolégicas adequa-
das 4&s condigdes especificas ce cada pais, Dbem como um
*lineamento de politicas que Lromova e possibilite que
tais infra-estruturas sejam inccrpnradas ¢08 processos
produtivos. : .

Nesse contexto, o Procraza II visa a promover e
apoiar as acgdes dos Estados membrcs destinacias a aprimo-
rar a configuracdo de suas politicas tecnoldgices, forta-
lecer a organizagdo e administracdo de seus sistemas de
geragao e transferéncia de tecrologia e facilitar a
transferéncia tecnolégica intermacional. Duesse modo serd
possivel. fazer melhor aproveit:zmer.to de todos Os recursos
disponiveis e uma contribuicac meis eficiente-e efetiva
para a solucadao dos problemas tecnolégicos da producdo
agropecudria, num ambito de iqu.aldada na di:;tribuicdo dos
beneficios e de comservacdo dos recursos naturais. -



INSTITUTO INTERAMERICANO DE COOPERACAD PARA A AGRICULTURA

O Instituto Interamericano de Coopera¢ao para a Agricultura
(IICA) é o organismo especializado em agricultura do Sistema Intera-
mericano. Suas origens datam de 7 outubro de 1942, quando o <Conse-
lho Diretor da Unido Pan-Americana aprovou a criagdo do Instituto
Interamericano de Ciéncias Agricolas. :

Fundado como uma instituicdo de pesquisa agrcndmica e de
ensino, de pds-graduacio para os trépicos, o IICA, respondendo as
mudangas e novas necessidades do Hemisfério, converteu-se progras-
sivamente em um organiszo de cooperagdo técnica e fortaleciaento
institucional no campo da agropecuar i. Bssas transforma¢ées foraa
reconhecidas oficialmente com a ratificacdo, em 8 de dezeabro de
1980, de uma nova convengiao, que estabeleceu como fins do IICA
estimular, promover e apoiar os lagos de cooperag3o entre seus 31
Estados membros para a obtengao do desenvolvimento agricola e do
bem-estar rural.

Com um mandato amplo e flexivel 2 com uma estrutura Jque  per-
mite a participacao direta dos Estados aembros na Junta Inter-
americana de Agricultura e em seu Comité Executivo, o IICA conta com
ampla presenca geogrifica em todos os paises membros para responder
a suas necessidades de cooperacdo técnica.

. As contribuicdes dos Estados membros e as relac¢des que o IICA
mantém com 12 Paises Observadores, e com varios organismos interna-

cionais, 1lhe permitem canalizar importantes Trecursos huzsanos e

financeiros em prol do desenvolvimento agricola do Hemisfério.

O Plano de Médio Prazo 1987-1951, documento normativo que
assinala as prioridades do Instituto, 2nfatiza agdes voltadas para a
reativacdo do setor agropecudrio como elemento central do crescimen-
to econdmico. Em vista dissc, o Institutdo atribui especial impor-
tdncia ao apoio e promogdo de agdes tendentes a modernizagdo tecno-
l6gica do campo e ao fortalecimento dos processos de inteqgragao
regional e sub-regional. :

Para alcancar tais objetivos o IICA concentra suas atividades
em cinco 4reas fundamentais, a saber: Andlise e Planejamento da
Politica Agraria; Geracdo e Transferéncia de Tecnologia; Organizagdo
e Administrac3o para o Desenvolvimentd Rural; Comercializacdo e
Agroindistria, e Saude Animal e Sanidade Vegetal.

Essas dreas de ac3o expressam, simultaneamente, as necessidades
e prioridades determinadas pelos propios Estados membros e o ambito
de trabalho em que o IICA concentra seus esforgos e sua capacidade
técnica, tanto sob o ponto de vista de seus —recursos humanos e
financeiros, como de sua relacdo com Ooutros Organissos
internacionais.












