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ABSTRACT - Thisresearch was carried out to estimate the variability and genetic parameters for the development of cultivars
more frost resistant in Coffea arabica progenies, carrying C. liberica var. dewevrel genes. There is genetic variability for frost
resistance in progenies with C. liberica var. dewevrei genes. The rust resistance, vegetative vigor and yield potential should be
considered when developing cultivars adapted to frost occurrence areas. Cultivars with yield precocity such as IAPAR 59, that
allowsafaster recovery yield after a severefrost, minimizing the damage fromthe phenomenon. The use of index selection is efficient
to select simultaneously progenies with greater frost adaptation, vegetative vigor, rust resistance and yield.
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INTRODUCTION

Frost is one of major problems in coffee crop,
especialy in the states of Parana, S&o Paulo and south
Minas Gerais, where a severe frost occurs every 5to 6
years (Caramori and Manetti Filho 1993).

There is some controversy about the possibility of
obtaining coffee cultivarsmore resistant to frost, especially
because of Coffea spp. cameoriginaly fromtropical climate
regions and because it is difficult to separate the genetic
and environmental effectswhen assessing frost resistance.

The existence of genetic variability for frost

resistance among Coffea species and among C. arabica
accessions has been reported in previous studies. The
Fundacdo I nstituto Agrondmico do Paran& (1978) reported
that the C. liberica var. dewevrei and C. racemosa species
are 30% less susceptible compared with the best C. arabica
genotypes for frost resistance. Among the C. arabica
cultivars, Mundo Novo is 30% less susceptibleto radiation
frost than Catuai (Caramori and Sera 1979) and Catuai is
30% less susceptibleto wind frost than Mundo Novo (Sera
2001). Androcioli Filhoet a. (1986) indicated that C. arabica
cv. Villalobos is 15% less susceptible to radiation frost
than Catuai and that genotypes with later maturation are
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more susceptible to frost.

Sdderholm and Gaskins (1981) reported differences
in frost resistance among C. arabica accessions and
indicated C. racemosa as the Coffea species most resistant
to frost. Triller et al. (2001) detected genetic variability
among C. arabica species and accessions confirming C.
racemosa and C. liberica var. dewevrei as more resistant
than C. arabica and C. canephora.

Bauer et a. (1990), testing the susceptibility of central
African C. arabica cultivarsto frost, classified the normal
canopy size cultivars K7, SL28 and K33 as relatively
resistant, ‘Mundo Novo’ asintermediateand ‘ Agaro’ and
‘Geisha’ as more susceptible. The ‘Caturra’, ‘ Catuai
Vermelho' and ‘ Catual Amarel 0’ were more susceptiblethan
‘Geisha.

Sentelhas et al. (1995) reported that ‘ Catuai
Vermelho’, ‘Mundo Novo', ‘Icatu Vermelho' and ‘I catu
Amarelo’ are not different for lethal temperature, that is,
-4 °C. The C. racemosa and C. liberica var. dewevrei
species were shown to be more resistant, with a lethal
temperature of -6 °C and -5 °C, respectively, while the C.
brevipes species was the most susceptible, with lethal
temperature of -2°C.

Frost resistance in coffee treesis greatly influenced
by other traits. To express all the resistance potential of a
cultivar, precise knowledge of the association between
frost resistance and other agronomic traitsisfundamental.
Correlation studies among various agronomic
characteristics and the 1994 frost damage in C. arabica
lines indicated that coffee plants without rust, better
nourished and with more vegetative vigor were less
damaged to thefrost of -1 °C (shelter temperature) turning
severe damage into moderate damage. Thus, a cultivar
that have both, yield and vegetative vigor will be less
damaged to most of the severe frosts, minimizing to the
moderate damagethat is perfectly tolerable economically.

The objective of this research was to detect the
existence of variability, estimate parameters, study
correlations and predict the genetic gain with selection to
develop cultivars moreresistant to frost using C. arabica
progenies carrying C. liberica var. dewevrei genes.

MATERIAL ANDMETHODS

The present study was carried out in a typical
distrofic purple latosoil in the Londrina Production and
Experimentation Center of the Agronomic Institute of
Parana (IAPAR), with mean annual temperature of 20.8°C,
lat 23°22’ S, 1ong 51°10" W, and alt 585 m adl. Thetrial was
set up in May 1997 with randomized complete block
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design, three replications, 14 treatments and 10 plant
plots?, spaced at 2.5x 0.5 m.
Plant material

The experiment consisted of 14 treatments of 12 F,
progeniesfrom anatural crossbetween ‘ Catuai’ and ‘ Piat&
(C.arabicax (C.libericavar. dewevrei x C. arabica)) and
the controls ‘ Catuai Vermelho IAC 81’ (treatment 2) and
‘IAPAR 59 (treatment 1).

Traitsevaluated

Frost damage (FOO) was assessed after the severe
frost in July 2000 (minimum temperature in the
meteorological shelter = -1.3 °C). A scale of scores was
used: 1 = 0% damage, 2 = 25% damage, 3 = 50% damage,
4 = 75% damage and 5 = 100% damage, €laborated by
Manetti Filho and Caramori (1986) when assessing young
plants tested in a cold chamber, adapted for adult plants.

The vegetative vigor of each plant was estimated
beforeyieldin 2000 (V00) and 2002, thefirst yield after the
plants were pruned back after the 2000 frost. Two traits
were considered in the analyses, vegetative vigor in 2000
(V00) and the 2000 and 2002 mean vigor (VVm). Each plant
was assessed by a scale that ranged from 1 to 5, where
1=yellow plant with abundant branch drying and 5 = dark
green plant with abundant ramifications and heavy bean
load.

Rust resistance (R) was assessed by ascale of scores
ranging from 1to 5, where 1 = absence of pustules, pustules
without spores, 2 = few leaveswith pustulesand with few
spores, 3 = few pustules per leaf with high spore
production but little distributed, 4 = mean quantity of
pustules per leaf, distributed on the plant with high spore
production and 5 = high quantity of pustules with high
spore production and high leaf drop. No disease or pest
control treatmentswere performed during the experiment.

Bean size (BS) was assessed by attributing scores
from 1to 5 using commercial cultivar bean sizeknown as
standard, where 1 = (tiny) similar to ‘Mokka’, 2 = (small)
similarto‘lcatu Precocel AC 3282, 3= (mediumsize) Smilar
to‘Catuai VermelhoIAC81', 4 = (large) smilarto ‘Acaia
IAC474-7 and 5= (giant) similar to*Maragogipe'.

Plantswere classified according to fruit maturity (M)
as: very late, late, medium, early and very early receiving
thescoresof 1, 2, 3,4 and 5, respectively, using as standard
cultivars, Catuai Vermelho IAC-81 (late) and IAPAR-59
(Medium).

Theyield potential (Y) of each plant was estimated
inlitersof cherry fruits, by visual assessment, taking into
consideration the fruit size, number of fruit rosette* and
number of rosette with fruits. Theyield in liters of cherry
fruits plant® was transformed to yield ha® with different
numbers of plants ha' according to the plant size. Four

Crop Breeding and Applied Biotechnology 5:355-362, 2005



Selection for frost resistance in Coffea arabica progenies carrying C. liberica var. dewevrei genes

different plant size and respective spacing with plants
ha* were used: smaller than the |APAR 59 cultivar =2.0x
0.4m,smilarto‘lAPAR59 =2.0x 0.5m, smilarto* Catuai’
=2.5x0.6 mand similar to‘Mundo Novo' =3.0x 0.7 m.
This assessment was carried out in 2000 and 2002
considering two traits; theyield potential assessed in 2000
(Y00) and the average yield potential estimated in 2000
and 2002 (Y m).

Satistical analyses

Analyses of non additivity and the F test for
heterogeneity of variances were performed according to
Ramalho et al. (2000) for the data of all the traits assessed.
All the estimateswere carried out using the Genes software
(Cruz 2001).

Analyses of variance were performed at the level of
treatment means in the trial. The Duncan test at 5%
probability was performed to compare the means of all the
traits. The existence of genetic variability was assessed
by analyses of variance performed between and within of
the progenies carrying C. liberica var. dewevrei genes.
Based on the mean square (MS) of analyses of variance,
among and within the progenies of all the traits, it were
estimated the genetic variance among the progenies

2 _MS, -MS, ; i ithi i
%= oxn |, thegenetic variancewithinthe progenies

|02=% %3
Itwas adopted that 6 = ¥ and 6, = 1, because, the

progeniesarein the F, generation, but asone of the parents
is an interespecific hybrid, they are holding such as F,
progenies, the phenotypic variance within the progenies

|02, =Ms,, | and the residual variance [o: =" ]

where; MS, = mean square of progenies, MS,,, = mean
square of residue among plots, b = number of blocks,
n = numbers of plants plots! and MS,, = mean square
within the progenies. The estimates of genetics variances
are considered maximum, because it is not possible to
separate the dominance effects, and the interactions
genetics x year, genetics x place and genetics x place x
year. Then, the coefficient of genotypi deteggni ion
maximum at the mean progenies level |br= MSp/g:)xn and
coefficient of genotypic determination maximum at thelevel
of individuals within of progenies |p?=0%/02,| were
estimated.

The expected genetic gain (GS) from direct selection
towards less frost damage was estimated from an
established low selection pressure, 50% among the
progeniesand 30% within the progeniesby the expression:
GS=b2xDS (where; b? = coefficient of genotypic
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determination maximum; DS= selection differential).

The indirect selection gain caused on the other
traits of agronomic interest by direct selection towards
lessfrost damage was also estimated by the coefficient of
genetic  regression by the  expression:

GSy) = (COVyx ) /05 JxGS  (Where; GS, = indirect
selection gain for j trait by selection in the i trait;
(covy x,) /%) = genetic coeficient regression among i and
j traitsand GS = genetic direct gaininthei trait).

The index selection of Smith and Hazel (Cruz and
Regazzi 1997) was used to select progenies with high
aggregate genotypic value, including frost damage, high
yield associated to vegetative vigor which is considered
anindicator of future high yield and rust resistance. This
index isalinear combination of the variousimportant traits
that have weight values in the index chosen to maximize
the correlation between the index (1) and the agregate
genotypic (H) value (Cruz and Regazzi (1997), where the
index (1) and the agregate genotypic (H) are expressed
respectively by N
I =bx +bx, +...+bx, = > hx =bx
H=ag,+a,0,+..+2,0, %) a0 =ag
wheren = number of traitsintheindex; x' = vector (1xn)
of means; g' =vector (1 x n) of genetic values; b = vector
(nx 1) of phenotypic coefficients of theindexes; a=vector
(nx 1) of economic weights established.

The weights of coefficients were established
according to the economic importance of the traits, the
proportionality of thetraits, the existing genetic variability
and the estimates of genetic correlation among the
characteristics. The proportionality of scale among the
characteristics wasrespected (Cruz and Regazzi 1997) so
that all remained in the same unit, that is, traitswith scale
from 1to 5 weremultiplied by 10, to bein the same unit as
theyield potential, whose values arein dozen. Theexisting
genetic variability (Cvg%) in each traits was considered
(Cruz and Regazzi 1997) and greater weights were
established for those with lower genetic variation
coefficient (CVg %) because selection on these traits is
less efficient. The direction and magnitude of the values
of the genetic correlation coefficients were considered
because frost damage, that isthe main trait of this study,
isinfluenced by other traits (Petek et al. 2002). Theweights
established were 700, 30, 30, 10, 30 and 25, respectively for
thetraitslessfrost damage (F00), greatest vegetative vigor
in the frost year (V00), greatest resistance to rust (R),
greatest yield potential in the frost year (Y00), greatest
mean vegetative vigor in 2000 and 2002 (year of thefirst
production after being pruned in 2000) (Vm) and greatest
potential of mean yield in 2000 and 2002 (Y m). From the
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weights established, the phenotypic coefficients of the
indexes were estimated by
b=P'Ga
where b = vector (n x 1) of phenotypic coefficients of the
indexes, P = inverse matrix (n x n) of phenotypic
covariancesamong thetraits;, G = matrix (nx n) of genetic
covariancesamong thetraits, a= vector (nx 1) of economic
weights established.

The indexes established and used to predict the
genetic progressin selection among and within progenies
wererespectively;

1, 0ld68.34 OF 00T 1534.71 00001 B44.06 ORID
020.28 Oy 0oL 11599,08 Vsl 11 1124.96 Oy

1, O[3.490F00l M H17.95070d i R1.690RID
Olh,75 Oy ool 17.14 Ovml T B.38 O]

The genetic gains for each trait, when selection is
made on theindex, isexpressed by; A, = B, * DS, where,
”g.l is the estimator of the regron coefﬂment of the
genetic values of thetrait j in function of the | index and
DS is the selection differential among the individuals
selected and the original mean in relation to the index.

RESULTS AND DISCUSSION

Geneticvariability

Analysisof variance at thelevel of treatment means
(Table 1) presented significant differencesfor al thetraits
assessed at 1% probability by the F test. The coefficients
of experimental variation for the traits assessed ranged
from 3.32t0 27.29% showing good experimental accuracy.
The traits rust resistance (R), yield potential in the frost
year (Y 00) and meanyield potential of 2000 and 2002 (Y m)
presented experimental variation coefficients greater than
20% but are values considered normal due the annual
oscillation in production and correlation between rust
intensity and yield.

Analyses of variance between and within the 12
progenies derived from the ‘Catuai’ and “Piat&” cross
(Table 2), showed that there were significant differences
between the means at 1% probability by the F test for all
the traits assessed. This indicates the existence of
variability among these progenies and consequently the
possibility of success with selection. The possibility of
obtaining gain with selection between these progeniesis
also shownin the high val ues of the estimates of maximum
coefficients of genotypic determination at the level of
means of thetraits correlated with frost damage (Petek et
al. 2002) that ranged from 0.649 for rust resistance (R) to
0.819 for mean vegetative vigor in 2000 and 2002 (Vm)
(Table2).
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The estimates of the maximum coefficients of
genotypic determination, within progenies, ranged from
0.082 for vegetative vigor in thefrost year (V00) to 0.213
for beansize(BS) (Table2). In spiteof low maximum genetic
determinism, this estimate is fundamentally important to
know the variability at individual level within progenies
and select efficiently plantsthat present general merit for
the development of cultivars moreresistant to frost. These
low values obtained are due to an environmental effect
among the individuals, within the plot, that cannot be
isolated.

The mean of the 12 progenies derived from the
“Piatd” x ‘ Catuai’ (Table 1) obtained for frost damage was
4.32, that is, equivalent to more than 75% damage. This
high mean is due to the fact that the frost of 2000 is
considered severe (minimum temperaturein the shelter =-
1.3 °C) and because of this, any minimum difference
becomesvery important. Duncan test at 5% of probability
indicated progenies less damaged by frost than controls.
Progenies 13, 5, 14, 7 and 12 presented mean damage lower
than control ‘|APAR 59" (mean = 4,76). Numbers 13, 5and
14 differed significantly from the control * Catuai Vermelho
IAC 81’ (mean=4.52) (Table 3). Of these, progenies 13, 14
and 12 were also the best in yield and bean size.

On the scale of bean maturity the progenies can be
classified aslate, sincethe‘ Catual’ parent islate maturity
and “Piatd” is very late maturity. However there is the
possibility of selection for earlier maturity as some
progenies presented maturity period similar tothe ‘' |APAR
59’ cultivar, that is, medium maturity. Obtaining early
materialsisimportant as an escape from frost on the unripe
fruit of theyear (Table 3).

For theyield potential assessed in 2000 and the mean
2000 and 2002 yield potential, eleven progenies presented
values similar to the Catuai Vermelho IAC 81 cultivar,
because they did not differ significantly by the Duncan
test (Table 3). The IAPAR 59 cultivar presented yield
potential superior to all thetreatments becausethiscultivar
hasyield precocity and it was clear that progenies derived
from the “Piatd” x ‘Catuai’ cross didn’t possess this
characteristic, so ‘Catuai’ should be used as a better
comparative standard for this case (Table 3).

When yield between the Catuai and IAPAR 59
cultivarsis compared, either in the frost year (2000) or in
the mean yield of the frost year and the first yield after
severe frost, ‘IAPAR 59’ has, respectively, yields
approximately 25% and 45% greater than ‘ Catuai’. This
indicated yield precocity in the IAPAR 59 cultivar, or
quicker recovery of economic yield that makes it an
important adaptive trait of this cultivar to minimize frost
damage.
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Expected genetic gains with selection

The estimated genetic gain with direct selection of
50% of the progenies, for greater frost resistance, was
3.35% and with sel ection of 30% of thelessdamaged plants
within the selected progenies was 2.33%, therefore, the
total estimated selection gain was 5.68%. With thisgain,

the mean estimated for frost damage to the next generation
was4.07 (94.21%) against 4.32 (100%) of the original mean.
Therefore, even with low selection intensity, satisfactory
genetic progresstowardsfrost resistance may be obtained.
Theuseof fairly low selection intensity was becauseyield
had been assessed in a first high yield and the mean of

Table 1. Summary of the analyses of variance for al the traits assessed

Sources of df Mean Squares
Variation FO0 V00 R M BS Y00 Vm Ym
Blocks 2 0.170 0.164 0.105 0.759 0.009 215.920 0.104 7.794
Treatments 13 0.243** 0.075** 1.612** 0.434** 0.181** 430.355** 0.087**  206.177**
Error 26 0.055 0.024 0.261 0.122 0.038 75.578 0.014 40.656
Mean 4.36 3.19 1.87 2.54 3.03 38.45 3.48 26.77
CVe(%) 5.42 4.90 27.29 13.75 6.46 22.61 3.32 23.81

*, ** Signifcant at 5% and 1% of probability by the F test

1F00 = frost damage; V00 = vegetative vigor in 2000; Vm = 2000 and 2002 mean vigor; R = rust resistance; BS = bean size; M = fruit maturity; Y 00 = yield potential
assessed in 2000; Ym = average yield potential estimated in 2000 and 2002 (Y m)

Table 2. Summary of the analyses of variance and genetic parameters among and within of the progenies derived from “Piatd” x ‘Catuai’

for al the traits assessed

Sources of df Mean Squares’
variation F00 V00 R M BS Y00 Vm Ym
Progénies 11 2.278%* (.808** 7.789%* 3.542%* 1.407** 2582.997** (0.827** 1490.131%**
Residue? 22 0.580 0.259 2.731 1.055 0.255 788.614  0.149  463.387
Within Prog. 324 0318 0.224 1213 0.544  0.180 502.578  0.160  248.027
Mean 4.32 3.20 1.79 946 2.99 35.17 3.50 24.92
CVe % 5.58 5.02 29.22 13.22 5.33 25.25 3.48 27.32
Genetic Parameters'
Parameters’ F00 V00 R M BS Y00 Vm Ym
o’ 0.057 0.018 0.169 0.083 0.038 59.813 0.023 34.225
&r
cl 0.057 0.018 0.169 0.083 0.038 59.813 0.023 34.225
gi
o2 0.318  0.224 1.213 0.544  0.180 502.578  0.160 248.027
pw
c? 0.026  0.003 0.152  0.051 0.007 28.604 0.00 21.536
b2 0.745 0.679 0.649 0.702 0.818 0.695 0.819 0.689
b2 0.178 0.082 0.139 0.152 0.213 0.119  0.141 0.138

*, ** Signifcant at 5% and 1% of probability by the F test
'Coded asin Table 1

2

= Experimental error among plots; O, gp = genetic variance among the progenies; T, g, = the genetic variance within the progenies; T ,ZM,= the phenotypic

variance within the progenies; O, = residua variance; bZ _ coefficient of genotypic determination maximum at the mean progenies level; bi2 = coefficient of
genotypic determination maximum at the level of individuals within of progenies

this with the first yield after being pruned back. The
literature indicatesthat at least six first assessment yields
are needed to select the best materials for 15 to 20 yields
(Carvalho 1952, 1988). According to Fazuoli et al. (2000) it
ispossiblewith three consecutive years of harvest to have
high efficiency of 77.8 to 87.7% in selection of the best
“lcatu” coffee progenies using 25% selection intensity.
However, thel APAR Coffee Breeding Programisinserted
in a set of methodologies to decrease the time spent to
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obtainimproved cultivars and one of these methodol ogies
isthe practice of early low intensity selection, so asnot to
run the risk of losing valuable materials based on one or
two harvests and using traits related to yield. This
methodology requires more areato carry out experiments,
but reduces the time in generation advance that is one of
thekey pointsin reducing thetimein devel oping improved
coffeecultivars (Sera2001).

There are correlations between frost damage and
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Table 3. Means for all the traits assessed

Traits’

T'  F00 V00 R M BS Y00 Vm Ym

13 3.76 @° 317 b-d 173 ab 2.67 a-d 3.13 b-d 42.00 b-d 353 bd 3147 b
5 400 ab 340 ab 120 a 212 d 261 f 28.03 cd 383 a 19.02  be
14 406 ab 333 ac 167 ab 247 b-d 3.00 cce 3629 bd 368 ab 3048 b
7 426 bc 339 ab 144 a 248 b-d  3.00 ce 39.19 b-d 363 ab 2689 bc
12 426 bc  3.03 cd 200 ab 242 b-d 340 ab 4381 b-d 340 cf 3209 b
8 433 b-d 3.00 d 247 b 3.00 ab  3.18 bc 4176 b-d 330 ef 2889 bc
4 435 b-d 3.1 bd 169 ab 226 ¢d  3.00 c-e 2734 cd 350 b-e 20.68 be
6 436 b-d 350 a 130 a 237 b-d 293 of 4785 bc  3.63 ac 3129 b
9 441 bd 3.3 bd 145 a 216 d 274 of 38.19 b-d 346 b-e 2846 be
10 446 b-d 323 ad 133 a 209 d 279 df 3874 b-d 348 b-e 28.04 be
T-Ci 453 ce 3.03 od 370 ¢ 287 ac 297 cf 5556 b 323 F 3233 b
3 465 ce 310 bd 262 b 228 c¢cd  3.19 ac 2499 d 334 df 1551 ¢
TI59 4.76 de 313 b-d 103 a 3.17 a 3.53 a 73.50 a 341 of 5883 a
11 480 e 307 cd 257 b 319 a 3.00 c-e 4839 bc 328 Ef 2959 bc

1Treatments
2Coded asin Table 1

3Means followed by the same letter on the vertical do not differ significantly by the Duncan test at 5% probability

Table 4. Correlated response in several traits in selection for frost resistance and response to simultaneous selection of the traits, used
in the classic stratified selection index, at among 50% and within 30% selection intensity of F, progenies derived from the “Piat&" x

‘Catual’ cross
Correlated Response
Among Progenies Within Progenies
Traits’ GS Ind. GSInd. (%) GSInd. GSInd. (%) GS Ind. Total oM’ M?
(%)
Voo 0.024 0.74 0.017 0.52 1.26 3.203 3.244
R -0.137 -7.65 -0.095 -5.33 -12.98 1.789 1.557
Y00 -1.115 -2.93 -0.778 -2.04 -4.97 38.049 36.156
Vm 0.064 1.82 0.044 1.27 3.09 3.504 3.612
Ym 0.164 0.72 0.135 0.50 1.22 26.867 27.166
Classic Stratified Selection Index
Among Progénies Within Progénies
Traits’ GS Ind. GS1Ind. (%) GSInd. GSInd. (%) GSInd. Total oM’ IM
(o)

F00 -0.091 -2.12 -0.102 -2.36 -4.48 4316 4.12
Voo 0.015 0.46 0.018 0.56 1.02 3.203 3.24
R -0.056 -3.13 -0.120 -6.71 -9.84 1.789 1.61
Y00 0.761 2.00 -0.599 -1.57 0.43 38.049 38.21
Vm 0.038 1.08 0.044 1.27 2.35 3.504 3.59
Ym 1.662 6.19 0.526 1.19 7.38 26.867 29.05

10riginal mean
2Improved mean
3Ccoded as in Table 1

others traits (Petek et al. 2002), than the gains indirect
from selection were estimated for all traits of interest for
the frost-adapted cultivars (Table 4).

Gainsfromindirect selection, estimated for vegetative
vigor inthefrost year (V00) and the 2000 and 2002 mean
vegetative vigor were, respectively, 1.26 and 3.09% (Table
4) therefore reasonable indirect gain. This gain indicates
indirect increaseinyield, asthe vegetative vigor indicates
future yield potential. An indirect gain of 12.98% was
estimated for rust resistance (Table 4) as was expected
due to the correlation between thistrait and frost damage
(Petek et al. 2002). On the other hand there was a4.97%
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lossfor yield potential inthefrost year (Y 00) and again of
only 1.22% for the 2000 and 2001 mean yield potential
(Ym) (Table 4). Therefore, there will be a tendency to
select lower yielding progenies and plants, as indicated
by the correlation. Selection should be made therefore
among the most productive, those that are more frost
resistant with greater vegetative vigor and rust resistance.

Selection indexes can be used for this, where a
breeding program is an important tool for simultaneous
selection of varioustraits of agronomic interest, increasing
the efficiency of obtaining superior materials, especially
as in this case that direct selection for greater frost
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resistancewill imply lossinyield. Selection by theclassic
stratified index indicated progenies 13, 12, 5, 9, 10 and 8
and the three best plants within each plot of these
progenies, therefore giving origin to 54 progeniesin the
next generation. Thisselectionwill give an estimated 4.48%
gainfor frost resistance (Table 4), therefore lessthan when
selection was practiced directly for frost damage. This
small decreasein the gain for greater frost resistance was
in detriment to greater gain for yield, that was 0.43% for
yield potential in 2000 (Y 00) against 2a4.97% loss (Table 4)
by direct selection and of 7.38% for meanyield in 2000 and
2002 against 1.22% (Table 4) by direct selection.

Selection by theindex gave an estimated 9.84% gain
for rust resistance (Table 4) and waslessthan the estimated
indirect gain by direct selection for lessfrost damage. This
loss was caused by greater gain for yield that tends to
reduce the vegetative vigor and this hasa correl ation with
rust resistance (Petek et al. 2002), which isnot aproblem,
as most progenies have a good level of rust resistance.

The gainsfor vegetative vigor in 2000 and the 2000
and 2002 mean vegetative vigor, by the index, were
respectively, 0.24% and 0.74% lessthan in direct selection
for lessfrost damage. Thissmall fall inthegainsiscaused
by theincreasein gainfor yield, that correlatessignificantly
and negative with vegetative vigor. Therefore, selection
will bealittlelessefficient for vegetative vigor but will be
selecting plants with balance between the vegetative and
reproductive parts, without problems because vegetative
vigor inthese materialsisalready high.

The use of the selection index gave reasonable gains

for al the characteristics, decreasing the gain of some to
increasethe gain in others, and consequently, select plants
with superiority for all the characteristics considered
important in selection.

CONCLUSIONS

-Progenies carrying genes of C. liberica var. dewevrei,
possess potential for development of cultivar morefrost
resistant

-The traits rust resistance, vegetative vigor and yield
potential should be considered in the selection index
for more frost-adapted cultivar in progenies carrying
genes of C. liberica var. dewevrei

-Yield precocity, aspresented by ‘|APAR-59', that allows
afaster recovery of the productivity after asevere frost
isadaptivetrait for minimizefrost damage

-The selection index using frost damage and other
correlated traits was efficient to improve for more frost
resistant cultivar with productivity.
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Selecdo para resisténcia a geada em progénies de Coffea arabica
portadorasdegenesdeC. libericavar. dewevrei

RESUM O - Estimou-se a variabilidade e parametr os genéticos, para o desenvolvimento de cultivares maisresistentes
a geada em progénies de C. arabica, portadoras de genes de C. liberica var. dewevrei. Existe variabilidade genética
para resisténcia a geada em progénies com genes de C. liberica var. dewevrel. As caracteristicas resisténcia a
ferrugem, vigor vegetativo e potencial de produtividade devem ser consideradas no desenvolvimento de cultivares
mais adaptadas a geada. Cultivares com maior precocidade produtiva como ‘|APAR 59', recuperam a produtividade
mais rapido apés uma geada severa, minimizando o dano do fendmeno. O uso de indice de selecéo é eficiente para
selecionar simultaneamente progénies com maior resisténcia a geada, vigor vegetativo, resisténcia a ferrugem e
maior produtividade.

Palavras-chave: cultivo de café, melhoramento, resisténcia a geada, parametros genéticos, indice de selecéo.

Crop Breeding and Applied Biotechnology 5:355-362, 2005 361



MR Petek et al.

REFERENCES

Androcioli Filho A, Siqueira R, Caramori PH, Pavan MA, Sera
T and Soderholm PK (1986) Frost injury and performance of
coffee at 23 °S in Brazil. Experimental Agriculture 22:
71-74.

Bauer H, Comploj A and Bodner M (1990) Susceptibility to
chilling of some Central African cultivars of Coffea arabica.
Field Crops Research 24: 119-129.

Caramori PH and Manetti Filho J (1993) Protegcdo dos
cafeeiros contra geadas. IAPAR, Londrina, 28p. (IAPAR
Circular, 79).

Caramori PH and Sera T (1979) Influéncia do porte do cafeeiro
no dano provocado por geada. In: Resumos do 7° Congresso
Brasileiro de Pesquisas Cafeeiras. IBC, Araxa, p. 133-
134.

Carvalho A (1952) Melhoramento do cafeeiro X| — Estudo e
interpretacfes para fins de selecéo, de producdes individuais
na variedade Bourbon. Bragantia 20: 179-200.

Carvalho A (1988) Principles and practices of coffee plant
breeding for productivity and quality factors: Coffea arabica.
In: Clarke RJ and Macrae R (eds.) Cofee. vol 4, Elsevier
Applied Science, London, p. 129-165.

Cruz CD (2001) Programa Genes versdao Windows:
aplicativo computacional em genética e estatistica.
Editora UFV, Vicosa, 648p.

Cruz CD and Regazzi AJ (1997) Modelos biométricos
aplicados ao melhoramento genético. Editora UFV,
Vigosa, 390p.

Fazuoli LC, Gallo PB, Martins ALM, Guerreiro Filho O and
Medina Filho HP (2000) Selecdo antecipada e sua eficiéncia
no café Icatu. In: Anais do | Simpdsio de Pesquisa dos
Cafés do Brasil. EMBRAPA/CNP&D Café, Pocos de Caldas,
p. 576-580.

362

Fundacado Instituto Agrondémico do Parana (1978) Relatério
Técnico Anual. 265p.

Manetti Filho J and Caramori PH (1986) Desenvolvimento de
uma cémara para simulacéo de temperaturas baixas. Pesquisa
Agropecuéria Brasileira 21: 1005-1008.

Petek MR, Sera T, Altéia MZ, Azevedo JA, Triller C and Fadelli
S (2002) Anélise de trilha entre caracteres agrondémicos e
dano de geada, em progénies derivadas do cruzamento “Vila
Sarchi” x “Hibrido de Timor”. SBPN — Scientific Journal
6: 37-39 (Edicao Especial).

Ramalho MAP, Ferreira DF and Oliveira AC (2000) A
experimentacdo em genética e melhoramento de
plantas. Editora UFLA, Lavras, 326p.

Sentelhas PC, Fazuoli LC and Pezzopane JRM (1995)
Temperatura letal de diferentes espécies e derivados de hibrido
interespecifico de café. In: Resumos do 21° Congresso
Brasileiro de Pesquisas Cafeeiras. PROCAFE, Caxambu,
p. 56-57.

Sera T (2001) Coffee genetic breeding at IAPAR. Crop
Breeding and Applied Biotechnology 1: 179-190.

Soderholm PK and Gaskins MH (1981) Evaluation of cold
resistance in the genus Coffea. Indian Coffee 45: 123-128.

Triller C, Sera T, Petek MR and Azevedo JA (2001) Avaliacdo
da resisténcia a geada, em cémara fria, de diferentes espécies
de café. In: Resumos do Il Simpodsio de Pesquisa dos
Cafés do Brasil. EMBRAPA/CNP&D Café, Vitoria, CD-
ROM.

Crop Breeding and Applied Biotechnology 5:355-362, 2005



