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ABSTRACT

The aim of this study was to identify plants of TABAR-59 and Tupi IAC 1669-33 coffee cultivarshwiss
defeated resistance genes by the rust races presdAPAR (Londrina, Parana State, Brazil) usingtterosses.
Eighteen test-crosses derived from hybridizatioasvben ‘IAPAR-59' or ‘Tupi IAC 1669-33" with sustibfe

coffee to the rust disease were evaluated. Sixidg/bivere used as susceptible standards originated f
hybridizations between two susceptible coffee plaviany parental plants of the ‘1APAR-59" and ‘TUsC 1669-
33’ presented more defeated resistance genes dgaistsraces present at IAPAR than others of treestvars or

the genes were in heterozygous, because of sedregseceptible plants observed in some test-croddes.test-
crosses were very efficient to identify plants viétss defeated resistance genes to_thedsdtatrix Coffee plants
considered resistants would must be made testesassverify which plants presented less and/orentsfeated
genes in homozygous.
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INTRODUCTION control leads to the bad nourishment and
defoliation at winter months, resulting in coffee
The most important disease ©bffea arabica.. is  trees predisposed for frost, because deficient plants
coffee leaf rust, caused bilemileia vastatrix freeze more quickly (Sera and Guerreiro, 1995).
Berk. et Br, because the majority of the cultivarsThe defoliation, before the floral induction,
are susceptible. According to Matiello et al.reduces the flowering and, during the fruits
(2002), in Brazil, 95 % of the arabica coffeedevelopment, leads to the formation of small
cultivated area is composed by cultivars of Mund@rains and badly nourished, affecting significantly
Novo and Catuai germplasms, both susceptible e yield and the quality (Godoy et al., 1997).
the coffee leaf rust. The remained area i§offee leaf rust causes decreases in the yield that
constituted by resistant cultivars like ‘IAPAR-59’, varies from 35 to 50 %, depending on the cultivar
‘“Tupi IAC 1669-33’ and ‘Obata IAC 1669-20'. susceptibility, humidity, plant yield and nutritional
The chemical control for leaf rust is efficient, butstate (Zambolim et al., 1997).
it demands expenses with fungicides. The deficienthe use of resistant cultivars is the most efficient,
economic and ecologically correct control for this
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disease. Many resistant cultivars to the rust disea88archimor” certain genotypes continued to
already exist with $b, 6, $i7, §8, S99 and §? present complete resistance for the new
resistance genes like coffees of the Sarchimor amhysiological races and the same occurred in some
Catimor germplasms. These genes originated froplants of the Colombia cultivar of germplasm
C. canephoraone of the genitors of the “Hibrido Catimor (Varzea et al., 2002). The main cause of
de Timor” (“HDT") and other interspecific hybrids variation in H. vastatrix has been related with
like the “lcatu”. $1, $12, S44 and $5 genes, genetic mutations (Varzea et al., 2002). To control
which confer resistance to somid. vastatrix the high capacity of this fungus to defeat the
physiological races and were detected in pureesistance, it would be necessary to develop the
arabica coffee accesses originated from Ethiopizultivars with many $ genes simultaneously
S.3 gene supposedly is derived frd liberica aiming the durable resistance. The aim of this
(Bettencourt and Rodrigues Jr., 1988). Bettencoustudy was to identify coffee plants of the IAPAR-
(1981) reported that the resistance factors knows9 and Tupi IAC 1669-33 cultivars with less
to rust are 1 to §9 more §?, contrasting with defeated resistance genes by the leaf rust using
the correspondingl. vastatrixvirulence factors vl test-crosses.

to v9 more v?. The existence of other resistance

genes (§?) in derivatives of “HDT' and other

interspecific hybrids have been confirmed due tdMATERIAL AND METHODS

defeated resistance by new rust races in some of

these genotypes (Rodrigues Jr. et al., 2000). Two field assays, EO008 and E0102, respectively,
Studies carried out in India (Mayne, 1932, 1935vere carried out in December 2000 and March
apud Varzea et al., 2002) and in Portugal (Varze2001 on 2.5 m x 0.5 m plots. The altitude is 585
et al, 1989; Rodrigues Jr. et al, 1993)m, the annual average precipitation is 1610 mm,
differentiated forty physiological races dfi.  annual average temperature of 20.8 °C and relative
vastatrix isolated from rust sampled on coffeehumidity of air is 71 %. In these assays no have
trees originated from different regions. Six otherghemical control for rust disease were made.

new races were being characterized at Centro dehe evaluation of field condition resistance was
Investigacéo das Ferrugens do Cafeeiro (CIFC) iperformed on local leaf rust population on coffee
Oeiras, Portugal (Varzea et al, 2002). Theawith 25 months (E0008) and 28 months (E0102)
defeated resistance by new rust races in varietiegter planting.

of Catimor germplasm was observed. ProbablyThe resistance tdd. vastatrix by natural high
the resistance defeat in coffees of Icatunfection condition was used a score scale varying
germplasms also occurred. In the case of thiom 1to 5 (Table 1L

Table 1 - Score scale used in the field evaluation of idmstance to local rust races at IAPAR (LondriAR,

Brazil)
Scores Description

1 Plants without chlorotic spots on the leaves.

2 Leaves with few chlorotic spots (1 to 5 spotghait spores.

3 Leaves with few chlorotic spots (1 to 5 spotshvepores and the injured leaf between
1 % and 9 %.

4 Number of spots with spores on leaves betweamd625 and injured leaf between 10
% and 35 %.

5 Number of spots with spores on leaves more thamd injured leaf more than 35%.

Eighteen test-crosses were evaluated derived froR). For EO008, the pollen of several plants of the
the hybridizations between some plants of thdAPAR 59 UBS’ and ‘Tupi IAC 1669-33 UBS’
IAPAR 59 and Tupi IAC 1669-33 cultivars with were used for test-crosses. For E0102, ‘Tupi IAC
susceptible coffee trees to rust. Six hybrids wer&669-33 IlI-3’, ‘Tupi IAC 1669-33 1I-7’ and ‘Tupi
used as susceptible standards originated fromAC 1669-33 1-10’ were individual plants of the
hybridizations of two susceptible parentals, beingTupi IAC 1669-33 UBS’ population. The
three of the EOOO08 and three of the E0102 (Tablgenotypes ‘IAPAR-59 €9702 IlI-1-9° and
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‘IAPAR-59 9701 I-1-5" were individual plants of of resistant plants were observed when plants of
the ‘IAPAR-59 €9702' and ‘IAPAR-59 e€9701" ‘IAPAR-59 UBS’ were used as pollinators. All the
populations, respectively. The susceptibleplants of the test-crosses where the plants ‘Tupi
genotypes named “Ety$ x Catuai” I-1, “Et. §1  IAC 1669-33 IlI-3’ and ‘Tupi IAC 1669-33 II-7’
x Catuai” I-3 and “Et. §L x Catuai” I-11", used in were used, presented resistanceHtovastatrix
the test-crosses at E0102 assay, were individudhus, these two plants had less defeated resistance
plants originated from JF population of C. genes and/ or more genes were in homozygous
arabica accession from Ethiopia carryingylS than the plant ‘Tupi IAC 1669-33 I-10’, because in
gene” x “Catuai”./IPR-100’ derived from “Catuai the test-cross ‘Tupi IAC 1669-33 I-10’ x “Pacas”
S42, §43” but, probably, didn’t have they3 and/  were observed 70.37 % of susceptible plants.
or $;3 gene. The origin of “Catucai b. E9502” isAt E0008, the average of susceptible plants of the
unknown, but this genotype is susceptible to rusfour test-crosses was 9 % when the ‘Tupi IAC
The genotypes “IAPAR-89203 1lI-16-3", 1669-33 UBS’ population was used as pollinator,
“IAPAR-89203 I-4-11" and “IAPAR-89203 V-21- while the average of the test-crosses with the
13" were individual plants derived from,F ‘IAPAR-59 UBS’ population was 0 %. This
population of “IAPAR-89203" (‘IAPAR-59' x indicated that the plants of ‘Tupi IAC 1669-33
“Mundo Novao”). UBS’ carried less not defeated resistance genes
The percentage of susceptible plants of the Rhan plants of the IAPAR-59 UBS'.
hybrids was used as parameter to identify plants athe results presented in Table 2 indicated that
‘IAPAR-59" and ‘Tupi IAC 1669-33’ with less many plants of the ‘IAPAR-59’ and ‘Tupi IAC
defeated resistance genes by the local rust rac&669-33' had more defeated resistance genes than
population. Plants with scores 1 and 2 of rusbthers of these cultivars or the genes were in
incidence were considered resistants and witheterozygous. Probably, these plants of the
scores 3, 4 and 5 as susceptible ones. The numb&PAR-59" and ‘Tupi IAC 1669-33’ didn't carry
of assessed plants and origin of each test-crosS,? gene or others ;Sgenes originated from
with respective assays and identification numbetHibrido de Timor” CIFC 832-2. Thus, it was
of the treatments are presented in Table 2. necessary to select in these cultivars the plants
with more resistance not defeated genes like the
plants ‘Tupi IAC 1669-33 III-3' and ‘Tupi IAC
RESULTS AND DISCUSSION 1669-33 1I-7’, which presented 100 % of resistant
plants in the test-crosses. These two plants and
The average rusicore incidence and percentage oplants of ‘IAPAR-59 UBS’ population would be
susceptible plants are presented in Table 2. Excepsed in hybridizations with coffee carrying,3
the standard (“Et. @” x “Catuai” I-11) x ‘lcatu gene aiming to obtain more durable resistance to
IAC-3282’, which presented 94.12 % of the rust disease.
susceptible plants, all the other standards presentéidcould be concluded that the test-crosses were
100 % of susceptible plants. This indicated that thefficient and even in plants apparently resistant to
standard hybrids were goods for comparisons. Thall the world physiological rust races like IAPAR-
hybrids of the E0102 assay, where one of th89 and Tupi IAC 1669-33 cultivars, presenting
parentals used was the ‘IAPAR 59 1lI-1-9’ or thecomplete resistance for more than 30 years,
‘IAPAR 59 I-1-5’, many susceptible plants to thesegregation in some plants were observed.
rust were observed. The average of susceptibleest crosses should also be made for coffee
plants of five hybrids was 60.77 % when ‘IAPAR- considered resistants such as ‘IAPAR-59’, ‘Tupi
59 111-1-9' was used as parental, while that for thd AC 1669-33’, ‘Obata IAC 1669-20’, ‘Colombia’,
‘IAPAR-59 |-1-5’, the average was 9.72 %, ‘Siriema’, ‘Oeiras MG 6851’, ‘Paraiso MG H419-
indicating that this presented less defeatgd Sl’, Catucai’s cultivars and others which presented
genes and/ or more resistance genes iess defeated resistance genes. After this analysis,
homozygous to local population of leaf rust. mother plants without susceptible segregants in
It was possible that the ‘IAPAR-59 UBS’ progenies derived from test crossesild be used
population presented more resistance genes na$ pollinator plants or mother plants for
defeated than plants of the ‘IAPAR-59 €9701’ andhybridizations with coffee trees carrying genes
‘IAPAR-59 €9702’ populations. This was becausdike $:3 aiming at more durable resistance. The
in two test-crosses accomplished at E0008, 100 ¥gsistance genesy§ 2 and $4, alone or in
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combinations, didn't provid durable resistanceidentified by test-crosses. The extensive planting
(Eskes, 1983). of coffee cultivars with many resistance genes like
The $3 gene and certain genes ©f canephora genotypes derivatives of the group A (resistant to
like of the “Hibrido de Timor” and “Icatu” could all the races), that presented susceptible plants in
be more efficient to get durable resistancethe test-crosses must be avoided. This would be
especially when wused in combination withbecause it was possible that these remained only
complete resistance (Bergamin-Filho, 1976; Eskesne $ gene to be defeated. Thus, this would
1983). Seed fields would have to be made startinfgcilitate the formation of new races, like in India,
from these plants with less broken resistance genaghere the race XXXIX was identified.

Table 2 - Resistance to the rust disease in coffee hylwitls respective mean score, percentage of sustepti
plants (% Sus. plants), number of assessed plaftpl.), experiment and treatment number (Treat(IWPAR,
Londrina, Parand state, Brazil).

Experiments  Treat Hybrids @) Mean % Sus. nepl
no score® plants ®
9 “Catucai b. E9502" x 'IAPAR-59 UBS’ 1.00 0.00 23
10 “Catucai b. E9502” x ‘“Tupi IAC 1669-33 UBS’ 1.22 8.70 23
14 ‘Mundo Novo IAC 376-4’ x ‘Tupi IAC 1669-33 UBS’ 2.29 25.00 24
15 ‘Catuai Vermelho IAC 81’ x ‘IAPAR-59 UBS’ 1.00 0.00 24
E0008 16 ‘Catuai V. IAC 81' x ‘Tupi IAC 1669-33 UBS’ 1.18 227 44
17 ‘lcatu Precoce IAC 3282'x ‘Tupi IAC 1669-33 UBS’ 1.32 0.00 19
28 *‘Mundo Novo IAC 376-4" x “IAPAR-89203 I1I-16-3" 4.67 100.00 6
29 *‘Mundo Novo IAC 376-4’ x “IAPAR-89203 I-4-11" 3.75 100.00 4
30 * ‘Mundo Novo IAC 376-4’ x “IAPAR-89203 V-21-13" 3.83 100.00 6
56 (F, “Et. SH1" x “Catuai” I-1) x ‘IAPAR-59 €9702 Ill-1-9’ 3.43 90.00 20
57 (F» “Et. SH1" x “Catuai” I-3) x ‘IAPAR-59 €9702 11I-1-9’ 2.29 35.48 31
58 (F2 “Et. SH1" x “Catuai” I-11) x ‘IAPAR-59 €9702 IlI-1-9’ 2.95 55.00 20
59 (F, “Et. Su1” x “Catuai” I-1) x ‘Tupi IAC 1669-33 I11-3’ 100 000 18
60 (F2 “Et. S1” x “Catuai” I-3) x ‘Tupi IAC 1669-33 IlI-3’ 1.26 0.00 31
E0102 65 * (F, “Et. SR1” x “Catuai” I-11) x ‘Icatu Precoce IAC 3282’ 4.82 94.12 17
67 *(F, “Et. Sy1” x “Catuai” I-3) x “Catucai b. E9502" 4.29 100.00 17
82 *‘Catuai V. IAC-81" x “Catuai semperflorens” 4.50 100.00 12
91 ‘IPR 100’ x ‘IAPAR-59 €9702 IlI-1-9’ 2.56 44.44 9
92 ‘IPR 100’ x ‘Tupi IAC 1669-33 11I-3’ 1.08 0.00 13
97 ‘Tupi IAC 1669-33 I-10’ XPacas” 3.04 70.37 27
98 “Tupi IAC 1669-33 II-7’ X‘Pacas” 1.00 0.00 15
99 ‘IAPAR-59 €9702 11I-1-9’ X'Pacas” 3.16 78.95 19
100 ‘IAPAR-59 e9701 I-1-5’ XPacas” 1.86 9.72 72

W Et. §1 = “C. arabicaaccession from Ethiopia carrying$Sgene”; Catuai V. = Catuai Vermelho.

@ Score scale used in the field evaluation of the resistanoeabrlst races: 1 = Plants without chlorotic spots on the leaves;
number of spots with spores on leaves more than 25 and injureddeaftran 35%.

® Plants with scores 3, 4 and 5 of rust incidence were @esidesistants.

* Susceptible standards to local rudt gastatriy population.

The susceptible genotypes to local rist\(astatriy population are presentedhbold.

This study also indicated that IAPAR could havesusceptible segregant plants could be sent to the
new rust races that had defeated th&, §.6, 7, CIFC to verify the appearance of new rust races.
S48 and {9 genes, alone or in combination, likeClones of plants of ‘IAPAR-59" and ‘Tupi IAC
the race XXXIX with seven virulence genes (v2,1669-33' that presented susceptibility to the rust
4,5,6, 7,8 and 9) or race XXIX with genes v5, 6must be sent to the CIFC. Therefore, it was
7, 8 and 9. It was possible that only thg?S possible to find new coffee differentials in these
resistance gene of the “Sarchimor” wasn'tsegregant populations. Varzea et al. (2002)
defeated. Leaf samples with sporulation of theseeported that differential plants originated from
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“Catimor” and “Sarchimor” did not exist, making 59’ e ‘Tupi IAC 1669-33’ apresentam mais genes
it difficult the characterization of the virulence de resisténcia quebrados pelas racas de ferrugem
genotypes of some rust isolated originated fronpresentes no IAPAR do que outras dessas
these germplasms. cultivares ou os genes estdo em heterozigoze, pois
foram observadas muitas plantas segregantes
suscetiveis em alguns cruzamentos testes. Os

CONCLUSIONS cruzamentos testes sdo muito eficientes para
selecionar plantas com menos genes de resisténcia
« Many plants of the IAPAR-59' and ‘Tupi a ferrugem quebrados. Em cafeeiros de cultivares
IAC 1669-33' presented more defeatedconsiderados resistentes deveriam ser feitos

resistance genes by the rust races present @itizamentos testes para verificar quais plantas
IAPAR than others of these cultivars or theapresentam menos genes de resisténcia quebrados
genes were in heterozygous that ought to beu mais genes em homozigoze.
avoided to use in future crossings.

e The test-crosses were very efficient to select
plants with less defeated resistance genes HYEFERENCES
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