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ABSTRACT

The aim of this study was to evaluate the coffeenglasm of the Parana Agronomic Institute (IAPAR) f
resistance to the coffee-berry-borer. Preliminaigld evaluation was performed in August 2004 arel fthits of
less damaged genotypes in the field were evaluaetr controlled condition with obligated and freboice
experiments established in a randomized complesggavith three replications. The genotypes werauated
fifteen days after infestation with one borer priitfin Petri dishes. The data were analyzed by $uett-Knott
means test at 1 % and by tietest. Statistical analysis indicated tHabffea kapakataPsilanthus bengalensis.
eugenioidesand genotypes witl. eugenioidegenes were resistant. These genotypes presenteftdquency of
bored grains.C. eugenioidesand C. kapakatacould present resistance at epicarp level but inothe grain.P.
bengalensisould present resistance also in the grains.

Key-words: Breeding,Coffea cultivars,Hypothenemus hampélsilanthus

INTRODUCTION fruit in the disc region, making a gallery through
the pulp and after that it bores the seeds (grains)
The coffee berry borerHypothenemus hampei and inside lays the eggs. After hatching, the karva
(Ferrari) was accidentally introduced to Brazilfeed on the seeds, destroying them totally or
(Oliveira-Filho, 1927) and has been consideregartially. The reproduction of this insect is highe
one of the most important coffee pests worldwidein high humid environments (Lima et al., 2003).
Matiello et al. (2002) reported that this insectswa The direct damage in the yield is the fall of young
the second pest in importance for arabica coffetsuits attacked by the coffee berry borer,
(Coffea arabica L.) plantations in Brazil. destruction of the bored beans that break during
However, it is the main pest for robusta coff€e ( hulling, resulting in the reduction of commercial
canephoraPierre). grains. The indirect damage is the bored beans
The adult form oH. hampeiis a small beetle with causing the depreciation of the coffee quality
dark and shiny color. The males possess the sar{fatista, 1986).
morphological characters as the females, but adthough there are many studies on chemical,
smaller with rudimentary wings, and thereforebiological and cultural control, coffee breeding fo
they do not fly and never leave the fruits. Eachthis pest has not been studied due to lack of
male mates, approximately, with ten femalegesistance sources in tffeagenus and related
inside the fruit. The fertilized female bores thespecies. Le Chevalier (1947 cited by Le Pelley,
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1968) classified the species evaluated in incrgasirprecipitation is 1610 mm, the annual average
order of attractiveness by the borerGsliberica temperature is 20.8 °C and the relative air
(practically immune)C. excelsaC. dybowskiiC.  humidity is 71 %. At IAPAR’s germplasm bank
dewevrei C. arabicaandC. canephoralLe Pelley there was no chemical borer control.
(1968) reported that generallg. arabica was The percentage of bored fruits (% BF) was used to
more susceptible, followed b@. canephoraand evaluate the resistance reaction of the genotypes.
C. libericaandC. excelsawnere less attacked, but In this evaluation, the majority of the berries
the preference order was apparently changeabl®@0%) were green with completely formed
The resistance and susceptibility reactions of thendosperm or ripened fruits. The sampling of the
coffee genotypes can be different, depending ofuits was randomized in different positions of the
the environmental conditions. According toplant.
Matiello et al. (2002), there were no coffee
cultivars that were not attacked by this insect ant aboratory experiments
robusta coffee was preferred by the borer. The Dithe experiments were carried out without
Amador Villacorta (personal communication,incidence of direct light on August #02004 and
2003) reported tha€. kapakatadid not present evaluated fifteen days after the infestation. Behas
any borer under field conditions. (2000) reported that after five days of infestation
The a-amylase inhibitor genes, which havewith borers inC. canephordruits, all the females
potential to promote the resistance to the bordrad penetrated in the endosperm.
have been tranfered to coffee by genetido test the resistance to borer, berries withoist th
transformation, but efficiency has not yet beennsect of the genotypes that presented low
confirmed in borer control (Jiménez et al., 2000jncidence in the field evaluations were collected i
Valencia et al., 2000; Grossi-de-Séa et al., 2004}he field. These berries were dipped in melted
Sera and Cotarelli (personal communicationparaffin to prevent the entrance of the borer
2004) observed that under field conditions, soméwrough the fruit base due to fruit skin injurytia¢
species of coffeed. eugenioideandC. kapakath moment of collecting the fruits. They were
did not present any infestation Hf hampeiwhen protected with paraffin from the base of the ftait
compared withC. canephorandC. arabica half of the length of the fruit. Then, the fruitere
The aim of this study was to identify the resiseancplaced in Petri dishes (8.5 cm in diameter and 1.1
sources toH. hampeiin different species and cm in height) with 20 g of sterilized sand to
genotypes of coffee in the IAPAR germplasmfacilitate the movement of the borer in the dishes.
bank by field and laboratory evaluations. The resistance was tested with only one genotype
per dish (confinement test) and another test with
two genotypes (one resistant and one susceptible

MATERIALSAND METHODS tested in the confinement test = free choice iast)
the same dish. In both tests, one borer was placed
Field evaluations per fruit. After placing inside the petri dishes,

A preliminary evaluation in the field at germplasmthese were closed. The majority of the fruits (95
bank of IAPAR was accomplished on Augu$t 5 %) used in the confinement and free choice test
2004, before making the confinement and freavere green with completely formed endosperm or
choice laboratory experiments. The evaluatedipened fruits and around 5 % were at the over-
genotypes in the field evaluation wer€offea riped berry stage.

eugenioidesx C. dewevrei(T1), “C. eugenioides

18-6” (T2), “C. eugenioidesLAB” (T3), C. Confinement test

eugenioidesx “Mundo Novo” tetraploid (T4)C. First, the confinement test was carried out to
congensis (T5), C. kapakata (T6), Psilanthus identify the susceptible and resistant genotypes in
bengalensis (T7), C. canephoracv. Nemaya order to perform the free choice test later. The
(T12), C. dewevrei(T13) andC. arabicax “C. treatments used in the confinement test were: T1,
canephoravar. robusta (4x)” or “Arabusta” (T14). T2, T3, T4, T5, T6, T7, ‘Pacas’ x ‘Maragogipe’
IAPAR (Londrina - PR, Brazil) is located at 23°(T8), “Catuai Semperflorens” (T9)C( dewevrek

22’ latitude south and at 51° 10’ longitude westC. arabicg 4x = “Piata” (T10), “Mundo Novo”
altitude 585 meters. The annual averagélll)and T12.
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The experiment (confinement test) was performed12 were used as susceptible standards. Twenty
in a randomized complete design with threeberries of one susceptible genotype and twenty of
replications and twelve fruits per plot. For theone resistant genotype were placed in the same
variable percentage of fruits not bored (% FNB)Petri dishes, in a randomized complete design with
the Cochran test (Gmax) was used to verify théhree replications, totalling sixty fruits per
variance homogeneity. The simple lineargenotype. The comparisons between the genotypes
regression coefficients (b) between the logaritm ofvere performed by the’ test at 1 % in the 1:1
the means and the logaritm of the variances wetgypothesis, using as variables the amount of bored
estimated to indicate the transformation. Howeveffruits (BF) and amount of fruits with penetration i

in this study, the variances equal to zero werthe epicarp but with grains not bored (BF-GNB).
found in treatments n°® 2, 4 and 7, hence, thm this study, the variable bored fruits (BF) were
logaritm values could not be attained. Thus, &l thconsidered those fruits with epicarp and grain
variances were added to index 0.5 for determiningenetrations.

the coefficient b subsequently. The transformation

used was 1/ x. The statistical program Genes

(Cruz, 2001) was used for the analysis of variancRESULTS AND DISCUSSION

at the level of plot mean to compare the means by

the Scott Knott test at 1 % for the variable % FNB-ield evaluation

and to estimate the genotypic determinatioWVith this preliminary evaluation, it was possibte t
coefficient. For the variable, percentage of fruitdndicate that the treatments T1, T2, T3, T4, T6 and
with penetration in the epicarp but with grains noff 7 presented higher field resistance than the
bored (% BF-GNB), thg’ test was used to verify treatments T5, T12, T13 and T14, and the last one

the differences between the genotypes. was the most susceptible (Table ©). dewevrei
presented high infestation Bt hampeiunder field
Free choice test conditions and did not confirm the suggestion by

The free choice tests were: T1 versus T5, TFazuoli (2004), which indicated the possibility of
versus T5, T4 versus T5, T3 versus T12, T6 versubis species to present more difficulty of
T12 and T7 versus T12. The genotypes T5 anpenetration by the borer due to thicker endocarp.

Table 1 - Percentage of bored fruits (% BF)@offeagermplasms of the field evaluation accomplishedugust
2004 at IAPAR (Londrina — PR — Brazil).

Genotypes Number of fruitsevaluated % BF
Coffea eugenioidesC. dewevre{T1) 538 0.00
C. kapakatyT6) 463 0.00
Psilanthus bengalens{37) 995 0.10
“C. eugenioide§AB” (T3) 284 1.41
“C. eugenioidé'sx “Mundo Novo” tetraploid (T4) 450 4.00
“C. eugenioided8-6" (T2) 576 7.29
C. canephorav. Nemaya (T12) 408 12.01
C. congensi¢T5) 1084 17.53
C. dewevrei(T13) 600 25.33
“C. arabicd x “C. canephordetraploid” (T14) 600 55.83
Confinement test For the means test of the variable % FNB, the

From the data of the field evaluations, thetreatments were classified in three groups (“a”, “b
genotypes that presented high field resistance amohd “c”). Group “a” was considered resistant and
others considered susceptible were used the groups “b” and “c” as susceptibles. ‘Pacas’ x
accomplish the confinement test. The Cochran te8¥laragogipe’ was more susceptible than the other
(Gmax) indicated that homogeneity of thesusceptible genotypes, probably, due to some
variances for variable % FNB existed. Theexperimental error or due to minor genes effect
experimental variation coefficient was 16.88 %(Table 2).

indicating good experimental precision.
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Table 2 - Results of the confinement test with the averageqreage of fruits not bored (% FNB) and average
percentage of fruits with penetration in the epchut with grains not bored (% BF-GNB) of coffeengg/pes
evaluated 15 days after the infestation with onebper fruit.

Genotypes % FNB @ % BF-GNB
Psilanthus bengalens{37) 100 a 33.34a
C. eugenioideg “Mundo Novo” tetraploid (T4) 100 a 0.00b
“C. eugenioided8-6" (T2) 100 a 13.33b
C. eugenioidex C. dewevre{T1) 97.14 a 3.81b
“C. eugenioide&AB” (T3) 95.07 a 1.90b
C. kapakatgT6) 90.39 a 0.00b
“Catuai Semperflorens” (T9) 75.24 b 0.00b
C. congensi¢T5) 73.34Db 0.00b
C. dewevrek C. arabica(T10) 73.33b 0.00b
“Mundo Novo” (T11) 67.62 b 0.00b
C. canephorav. Nemaya (T12) 61.28 b 0.00b
‘Pacas’ x ‘Maragogipe’ (T8) 48.01 c 1.93b

@ Means followed by the same letter did not differthg Scott-Knott test at 1 %.
@ Means followed by the same letter did not diffgrthex” test at 1 %.

The group of resistant genotypes includé€d: C. kapakata and genotypes carryingC.
eugenioidesx C. dewevrei“C. eugenioided8-6", eugenioidegenes, were probably badly nourished,
“C. eugenioided AB”, C. eugenioidex “Mundo  with damage provoked by other insects and
Novo” tetraploid,C. kapakataandP. bengalensis  diseases or, mainly, with low water potential
The same genotypes that presented field resistangevoked by drought at this tim€. canephorav.
also presented resistance in the confinement tedlemaya presented higher vegetative vigor and is
The resistance to borer of the treatments 1 androre tolerant to droght than other genotypes.
came from gene (s) @. eugenioides. Abnormal fruits inC. canephorav. Nemaya were
Some genotypes carryinG. eugenioidesgenes not observed.

presented partial resistance in the field evaluatio Before infestation with borers, all the fruits were
including all types of fruits but in the confinemien apparently normal, but few days after infestation,
test using only intact fruits, the data indicatedsome whole fruits (normal) became dull or wilted
complete resistance. In the field evaluation, th¢abnormal). Before infestation, it was observed
treatments T2, T3 and T4 presented 7.29, 1.41 anldat some fruits were shinier, probably, with a
400 % bored fruits, respectively. In thewaxier surface. These fruits presented resistance i
confinement test, the treatments T1 and T3 With the resistant coffee trees in the field, while the
eugenioidesgenes presented 2.86 and 4.93 %abnormal fruits were susceptibles. New studies
bored fruits, respectively, whil€. kapakata(T6) should be carried out to verify whether the
presented 9.61 %. This partial resistance could lresistance of these fruits was due to this waxiness
associated with several factors. One of th&he occurrence of dull fruits was probably due to
hypotheses is that fruits with epicarp damaged bgnalnourishment or low water potential of the plant
the insects, diseases and other factors facikkete caused by the drought that was not observed in
penetration of the borer under field conditions andNemaya’, as reported previously.

in laboratory tests. It was observed that onl\Malnourishment and water shortage may not affect
damaged fruits of resistant plants in the fieldesistance when the fruit is still on the planteTh
presented borer penetratrion. available water and nutrients are interrupted when
At fifteen days after berry borer infestation ireth the fruits are detached from the plants to be used
confined evaluation observed that fruits ofin the confinement test. This could provoke the
resistant plants with wrinkled and dull epicarp andvrinkling and oxidation of the fruits. Thus, to
with the appearance of nourishment deficiencgimulate the field conditions in the laboratory
were penetrated, although they had a normaeésts, it is necessary to collect the fruits oinfda
appearance at infestation. This could indicate lessith good nourishment, health and when
repellent effect or more attractive effect duehe t necessary, to irrigate the plants. An alternatove t
damages in the fruits. The plants of these fruits qrevent these experimental errors due to the
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detachment of the fruits would be infestation ia th in the coffee grain.

field and to consider in the evaluations only thel'5 (C. congensis and T12 C. canephoracv.
fruits without damaged epicarp, healthy and wellNemaya) confirmed the field susceptibility in this
nourished. test because 27 % and 39 % of bored grains were
Results showed that few fruits were abnormalobserved, respectively. Hence, these two
This could be due to that the climatic conditionggenotypes were used in free choice test together
were good one month before the fruit samplingvith resistant genotypes.

and evaluations and the plants were more balancé@the genotypic determination coefficient for the
physiologically. The average of the temperaturé&NB was 87.32 % indicating that there was a high
and relative air humidity and total precipitation i possibility of success in the selection of genogsype
July 2004 were 16.2 °C (max = 21.8 °C; min =resistant to the borer and that the resistance must
11.9 °C), 76.9 % and 113.8 mm, respectively. Ibe controlled by few genes.

the evaluation had been accomplished in

September 2004 the frequency of abnormal fruitEree choice test

might have been higher, because August 2004 w&nly test T7 versus T12 presented significant
more drier. In August 2004, these parameters weurifference at 1% for BF and BF-GNB variables.
18.9 °C (max = 26.8 °C; min = 12.0 °C), 55.6 %rhis indicated thatP. bengalensispresented
and 0 mm, respectively. Thus, would probably beesistance in the grains (Table 3, Table 4), bexaus
high incidence of abnormal fruits with more fruitall the borers that perforated the epicarp Fof
borers in other experiments if the climaticbhengalensislid not perforate the grain.

conditions and plant nutrition were poor. The treatments T1, T2, T3, T4 and T6, resistant in
C. eugenioidess a diploid species (2n = 2x = 22 field evaluations and in the confinement test,
chromosomes) an@. arabicavar. Mundo Novo is presented bored grain frequency similar to the
tetraploid (2n = 4x = 44 chromosomes), thussusceptible genotypes T&.(congensijsand T6
infertile triploids would be derived from the (C. canephora cv. Nemaya). When the
crossing between these two species. These wouddtractiveness effect of. congensiqT2 vs T5)
only be fertile if C. eugenioidesvas tetraploid. was compared wit. canephorav. Nemaya (T3
Then, treatment 4. eugenioidesx “Mundo vs T12), on C. eugenioides there was an
Novo” tetraploid) is very valuable, becauseindication that the effect of Nemaya was higher
besides producing fertile progenies, it presentthan theC. congensieffect (Table 3). A similar
“Mundo Novo” genes, which presents manyeffect occurred wheg. kapakatawas tested with
advantages such as high yield and quality. It i€. canephoracv. Nemaya, annulling completely
necessary to accomplish backcrosses with thike high resistance ofC. kapakata Nemaya
genotype aiming to incorporate genes Gf presented a greater percentage of bored fruits in
arabicacultivars. the confinement test tha@. congensisbut not
TheP. bengalensipresented 33.34 % of the fruits statistically different. Volatile substances of tBe
with penetration in the epicarp but withoutcongensisand Nemaya fruits might have changed
penetration in the grain. This frequency waghe resistance reaction of T1, T2, T3, T4 and T6,
statistically different in relation to other genpgs. inducing the penetration in the fruits.

Thus, theP. bengalensisesistance could be also

Table 3 - x? test at 1 % for the variable amount of bored &(&F) in the free choice test, evaluated 15 dégs a
infestation with one borer per fruit.

Free choice tests BF @ X
C. eugenioidex C. dewevre{T1) vs C. congensi¢T5) 3vs5 0.500°*
“C. eugenioide48-6” (T2) vs C. congensi¢T5) 4vs3 0.142°%
C. eugenioides “M. Novo”/ 4x (T4) vs C. congensi¢T5) lvs4 1.800*
“C. eugenioides AB” (T3) vs C. canephorayv. Nemaya (T12) 16 vs 12 0.571
C. kapakatgT6) vsC. canephorav. Nemaya (T12) 14 vs 14 0.00d
P. bengalensi§T7) vsC. canephorav. Nemaya (T12) Ovs9 9.000**

D n this experiment twenty fruits were evaluatedné resistant genotype and twenty fruits of orseeptible genotype in the
same petri dishes, with three replications, totpfitxty fruits per genotype. BF = bored fruits wihicarp and grain penetrations.
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Table 4 - X* test at 1% for the variable amount of fruits withnetration in the epicarp but with grains not bore
(BF-GNB) in the free choice test, evaluated 15 dHier infestation with one borer per fruit.

Free choice tests BF-GNB X

C. eugenioideg C. dewevre{T1) vs C. congensi¢T5) Ovs1 1.00*
“C. eugenioide48-6” (T2) vs C. congensi¢T5) Ovs1 1.00*
C. eugenioidex “M. Novo”/ 4x (T4) vs C. congensi§T5) lvs1 0.00*
“C. eugenioide& AB” (T3) vs C. canephorav. Nemaya (T12) OvsO 0.06
C. kapakatqT6) vsC. canephorav. Nemaya (T12) OvsO 0.06
P. bengalensi§T7) vs C. canephorav. Nemaya (T12) 9vs 0 9.00**

D n this experiment twenty fruits were evaluatedbné resistant genotype and twenty fruits of orseeptible genotype in the
same Petri dishes, with three replications, togadiixty fruits per genotype.

After penetrating the epicarp,H. hampei found differences in the volatile composition when
penetrated freely in the grains. Thus, probablg, thcomparedC. canephorandC. arabica

C. kapakataandC. eugenioidesesistance gene (s) It would be necessary to transfer the.

to the borer was only expressed in the epic@rp. eugenioides C. kapakata and P. bengalensis
eugenioidesC. kapakateandP. bengalensisould resistance gene (s) to commercial varieties. The
have presented resistance in the epicarp associatedistance gene oP. bengalensisis probably

to volatile substances. different from theC. eugenioidesindC. kapakata
The effect ofC. canephoracv. Nemaya onC. gene (S).

eugenioides and C. kapakata annulling the Lima et al. (2003) reported the possibility of wgsin
resistance of these two genotypes, did not occur wolatile substances such fspineno to sintetize

P. bengalensig¢Table 3). In some fruits, the deathmore attractive traps than those used currently
of the borer was observed and in others, theith a mixture of etanol: metanol, or to use the
epicarp was perforated, but, no borer was in theepellents such as limoneno in sprayings. The
grain. This indicated the absence of somantagonistic substance (s) of tRe bengalensis
important substance to the borerHnbengalensis fruit have potential to be used as botanical
grains or the presence of antagonistic substancesihsecticidal againstH. hampei The attractive
the borer. It could be possible thdt hampeidid volatile substances, more €. canephoracv.

not eat theP. bengalensigrains, because there Nemaya and ‘Pacas’ x ‘Maragogipe’ than @
was no caffeine in this species. Ondarza andrabica genotypes, could be used better at
Gutierrez (1996) reported that the caffeine was diIAPAR borer trap” (Villacorta et al., 2001;
great importance for borer attraction. However|APAR, 2008) than usin@. arabicafruit extract.
Guerreiro-Filho and Mazzafera (2003) concluded hese resistant genotypes must be studied in
that the caffeine did not increase the coffealiverse study areas aiming at to analyze which
resistance tél. hampei volatile substances of the fruit affect the resisea

As reported previouslyC. eugenioidesand C. of these coffees and which gene (s) are
kapakataprobably only presented some repellentesponsibles for th€. eugenioidesC. kapakata

or not attractive volatile substance or antagomistiand P. bengalensisresistance. The gene &f.
substances toH. hampei in the epicarp and bengalensishas potential for cloning for use in
absence of antagonistic substance in the graigenetic transformation, therefore, this species is
Giordanengo et al. (1993) showed that invery different fromC. arabica The association of
smellmeter tests that the volatile substancesvo resistance genes can hinder the formation of
eliminated by the fruits influenced the borernew borer biotypes that defeat the resistance genes
choice. Ondarza and Gutierrez (1996) observedf the coffee. The possibility of using the fruits
that the coffee berry borer was attracted by thand leaves of thd€®. bengalensisas a botanical
kairomones and other volatile substances releasetsecticide and the greater attractiveness of some
by the fruits. Costa (2002) found attractiveness ofenotypes to use substances of these in borer traps
the B-pineno volatile composition in the borer should be studied. Among three genotypes, it is
females and signals of repellence of the limonennecessary to evaluate the reproduction factdt.of
volatile composition irH. hampei Mathieu et al. hampeiand the exact degrees of resistance and
(1998) reported that these two composites werwlerance of each genotype.

present at high concentration in ripe berries and
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