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ABSTRACT

This study aimed to select genotypes resistant to witches’ broom (WB) and black pod (BP), major cacao diseases
in Brazil, as well as incorporate resistance genes to moniliasis supplemented by clones EET75 and UF273, forming
populations of second-cycle recurrent selectiboniliophthora pernicios42 x 16 basidiospores/mL) was inoculated
on 30-day-old seedlings from 72 féifent progenies, being assessed 60 days &tdra mixture of four isolates of
Phytophthora palmivorg3 x 10 zoospores/mL) was inoculated on leaf discs from 58 progenies, observing lesions
after seven days. Significant effects of progeny were observed in the tests of resistance to both diseases (p < 0.05).
Scavina-6 expressed resistance to both pathogens, 26 crosses did not differ from free-pollinated progenies of Scavina-
6 for WB, and ten crosses were higher and 27 similar folE8fht crosses were [gely resistant to both diseases.

Keywords: Moniliophthora perniciosa; Moniliophthora roreri; Phytophthora palmivonalant breeding;
Theobroma cacao

INTRODUCTION spontaneously frm souhern Mexico to Bolivia
Witches’ broom (WB) Moniliophthora perniciosa (Monteiro &Ahnert, 2012)This wide geographical ran-

(Stahel)Aime & Phillips-Mora) and black pod (BP), caused?® shows distinct edaphoclimat!c cgnditipns that aIIovyed
by three species &fhytophthoraP. palmivoraButler, P, the devglopment of va§t genetic Fjlver5|ty with a yaned
citrophthora(RE Sm. & EH Sm.) Leonian, aidcapsici populgtlon, rep.reser_1t|r_19 gen_et|c resources with the
Leonian), are major cacao diseases in Bralkb, another potential to obtgm varieties resistant to diseases. Several
pathogenMoniliophthora roreri(Cif.) Evans, Stalpers, cacao populations have be'en ge,nerated .at the Cocpa
Samson & Bennythe agent of frosty pod rot (moniliasisResearCh Center (Cepec) in Ilhéus, Bahia, to obtain

disease) of cacao, is &1 quarantine pest absent With|mproved genotypes aiming at selecting clones with more
imminent risk of arrival in Brazil (Oliveira & Luz, 2012).

durable resistance, which carry genes from different

sources of resistance, as well as increasing the genetic

Obtaining genetic material resistant to these diseasgssis in order to hinder pathogen evolution (Pairal
with desirable agronomic characteristics, as well agnog-yamadaet al. 2008: Lopest al, 2011; Benjamin

organoleptic qualities that contribute to obtaining al, 2016: Gramachet al., 2016: Pimenta Nete al.,
adequate chocolate quality the main objective of genetic 2018).

improvement at present (More&gal, 2016; PimentaNeto  Thys;, this study aimed to form populations of second-

etal, 2018). cycle recurrent selection for resistance to WB using the
Cacao Theobroma cacad..) is a species of North Carolina Il design, crossing first-cycle selections

Neotropical origin in theAmericas that occurs with genetically distant and pradtive materials and
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with other desirable genetic characteristics, includingntil second leaf flushing was 15 mm (approximately 30
clones with resistance to moniliasis. The formedays), and then inoculated by depositingL@0of the
progenies were tested for resistanc&/®®and BPFrom suspension of 2 x 2®asidiospores/mL d¥l. perniciosa
crosses carry out with the combination of genes froim an agar-water medium at 0.3% on the apical meristem.
different sources of resistance, progenies and parems the day before inoculation, leaves of first apical flushing
resistant to major cacao diseases were selected in there reduced to 1/3 to accelerate the growth of second
formed populations. flushing and better expose the area of the apicalAftet.
inoculation, seedlings were taken to the humid chamber

MATERIAL AND METHODS at 25 °C and relative air humidity of 100% for 48 h. They
1.1 Assessment tests for witches’ broom were then transferred to a greenhouse, where they

Twenty-two genotypes, fifteen mother plantgemained until the end of the assessmeargs,60 days
selected in a first-cycle recurrent selection foafter inoculation. Because seeds from the 72 progenies
resistance to WB, and the seven clones CSG70 (6Ayere obtained at different times, ten inoculations were
BN34 (7A), SJ02 (9), MCBO09 (10), RLF1938 (11), EET75erformed at different times, but all of them with the three
(12), and UF273 (13), being the first five clones selectgstogenies of the controls.
in farms of the Bahia cacao region and the last two Plants with presence and absence of WB were
introduced in Brazil, previously selected as resistant sssigned with scores 01 and 00, respectiVigig type
frost pod rot (FPR), were used as genitors. The mothefbrooms Bj.e., terminal (TB), axillary (AB), dry (DB),
plants were from the following crosses: CSUL3 x CCN1@nd cotyledonary broom (CB), was also assessed. In
(1), CAB301 x CCN10 (2), MO20 x CCN34 (3), CAB148 xaddition,AB higher than 1 cm was quantified, ahB
MO20 (4), CAB157 x MO20 (5), NA33 x RB39 (6), SCA6length was measured. For the data analysis, the disease
x P4B (7), SCA6 x RB36 (8), CEPEC86 x RB36 (1A), CASndex was calculated by the following Luz Index
x RB36 (2A), CCN10 x CAB324 (3A), CCN34 x CAB301 (Rodriguest al, 2019): DI=TB + (0.1 XTBL) + AB + (0.2
(4A), MO20 xAMAZ15 (5A), TSH1188 x CAB169 (9A), x NAB) + CB + (4.3 x DB), where TB is the presence of
and SCA6 x GU114 (10A). Crosses were carry out t@rminal broomTBL is the terminal broom lengtAB is
associate genotypes with resistance genes frotime presence of axillary broom, NAB = number of axillary
different sources of Scavina — selections in progeniégsooms higher than 1 cm, CB is the presence of
from CSUL3 x CCN10, CAB301 x CCN10, MO20 x CCN34,cotyledonary broom, and DB is the presence of dry
CAB148 x MO20, CAB157 x MO20, NA33 x RB39, broom. The coefficient that multiplies DB was defined to
CEPECS86 x RB36, CA5 x RB36, CCN10 x CAB324, CCN34llow the plant with dry broom having a DI higher than
x CAB301, and MO20 AMAZ15; with resistant all the others that did not die. The coefficient for TBL
genotypes from Scavina— TSH1188 x CAB169, SCA6 was defined to allow plants with larger terminal broom
GU114, SCAG x P4B, SCA6 x RB36, SJ02, MCBO09, andenerating, together with TB, a value close to tien,
RLF1938; and with genotypes selected as resistantttte double the DI presented by a plant with a very small
moniliasis — EET75 (12) and UF273 (13). Thesegerminal broom. Similarlythe coeficient for NAB was
genotypes, selected for productivitgsistance t&/B, defined to allow plants with the highest number of large
resistance to FPR and other characteristics of intereakillary broom having a DI corresponding to twice the
generated 72 progenies. The origin of the clones B3l of plants with only axillary broom lower than 1 cm.
shown inTable 1. Genotypes consisted of three genetithe randomized block design was used at each
designs, composed as follows: diallel 01 withnoculation or test, with 14 plants per replications (56
progenitors followed by simple numbers (1, 2, 3, 4, Jlants per crossing and inoculation time, repeated once
and 6), which were crossed with 7, 8, 9, 10, 11, 12, andth an equal number of samples).
13; diallel 02 with numbering followed by lett&were A model with the sources of variation test or
crossed with 6A, 7A, 9A, 10A, 11, 12, and 13; and thimoculation and progeny was used to analyze differences
third diallel crossing only the clones. Diallel crossing®etween progenies in an incomplete block system.
between progenitors were carried out with unprotecteComparisons between the corrected means of progeny
pollination in a North Carolina Il design. Clonesfor the effects of test or inoculation were performed by
Catongo and SIC23, used as susceptibility patternge T-test (SAS, 2002)We did not consider to which
and Scavina-6 (SCAG), used as resistance pattern, wgemnetic design or which of the diallels the progeny
used as a control to assess the resistance. belonged.

After pollinations, the obtained seeds were planted in Because progenitor-corrected means are not
288-cnf tubes containing a commercial substrate and s@btimable in the model with the sources of variation
in the ratio 3:1. Plants were maintained in a greenhous®they father and test or inoculation.€)., the means of
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mother corrected by principle of incomplete blocks aré.2 Assessment tests for black pod

not estimable at the same time for effects of father and Fifty-eight progenies among surviving plants and
test or fathercorrected for mother and test because thgithout the presence of WB symptoms from the previous
tests mixed progenies of the three genetic designs), Btperiment were selected to be tested for resistance to BP
correction was applied for each test to analyze differencgsing the leaf disc method (Nyass€al, 1995). The
between progenitors. In this case, the corrected ind@olates oP. palmivoraused were 1744, 1778, 1845, and
for each plant is equal to the original index (DI) multiplied 913, obtained from th&rnaldo Medeiros collection at

by the inverse of the sum of the means of the indices gkpec, originated from cacao pods samples collected in
the three controls in that test and divided by the sum gfe following counties and years: Uruguca (2011),
the overall means of the controls in all tests. Thus, DiSamacan (2011), Mutuipe (2011) and Belmonte (2010),
of each plant were corrected for the effect of the test tespectivelyThese isolates were selected based on their
which they belong by the ratio between the mean DIs bfgh aggressiveness to cacao among R0@almivora

the controls in that test and their overall mean Dls for aolates tested in previous studies (Lessa, 2017). Healthy
tests. The effects of progenitors were analyzed in theaves of surviving plants from crossings were collected
model with the sources of variation father and motheind taken to the laboratory Bhytophthorawhere they

for each of the three diallels from the corrected DI. Theere sanitized and 15-mm diameter discs were cut from
previous model was used to compare fathers withthe leaf blade. These discs were arranged with the abaxial
mothers or mothers within fathers, with uncorrected Dpart up in boxes containing foam moistened with sterile
and model with the sources of variation test owater to form a humid chamber and provide favorable
inoculation and progen#fter the assessments, diseasedonditions for pathogen development.

plants were incinerated, and healthy plants were selected A 10-um aliquot of zoospore suspension from the
to further assessment of BP resistance. mixture offour isolates, obtained according to the protocol

Table 1: Origin of clones used as parents or grandparents in the tested crossings

Clone Abbreviation‘s mean Genetic group Origin
AMAZ15* Amazon Amazonian Iquitos, Peru

BN34 Boa Nova Trinitarian Bahia, Brazil

CA5* Careiro Amazonian Amazon, Brazil
CAB148 Cocoa from Braziliakhmazon Amazonian Acre, Brazil
CAB157 Cocoa from Braziliakhmazon Amazonian Acre, Brazil
CAB169 Cocoa from Braziliakhmazon Amazonian Acre, Brazil
CAB301 Cocoa from Braziliakhmazon Amazonian Amazon, Brazil
CAB324* Cocoa from Braziliahmazon Amazonian Amazon, Brazil
Catongo* Mutation of common cocoa Amazonian Bahia, Brazil
CCN10* Castro Naranjal collection Trinitarian Pichilingue, Ecuador
CCN34* Castro Naranjal collection Trinitarian Pichilingue, Ecuador
CEPECS86* Cocoa Research Center Amazonian Bahia, Brazil
CSG70 Conjunto Serra Grande Trinitarian Bahia, Brazil
CSUL3* Southern cross Amazonian Acre, Brazil

EET75* Tropical experimental station Trinitarian Pichilingue, Ecuador
GU114* Guiana Amazonian Haut Camopi, French Guiana
MCBC9 Manoel Carlos Barreto Trintario Bahia, Brazil
MO20* Morona Amazonian Morona, Peru
NA33* Nanay Amazonian Nanay Peru

P4B* Pound 4/ B Amazonian Loreto, Peru

RB36* Rio Branco Amazonian Acre, Brazil

RB39* Rio Branco Amazonian Acre, Brazil
RLF1938 Romildo Luiz Fernandes Trinitarian Bahia, Brazil

SCAG6* Scavina Amazonian Ucayali, Peru
SIC23* Cocoa institute selection Amazonian Bahia, Brazil

SJ02 Sa&o José Farm Trinitarian Bahia, Brazil
TSH1188* Selected hybrid in Trinidad Trinitarian Saint Geage, Trinidad andlTobago
UF273* United Fruit Trinitarian Limén, Costa Rica

(*Turnbull & Hadley 2019).
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of the Luzet al (2008) was adjusted to a concentration o{CEPEC86 x RB36 (1A)) X CSG70 (6A)], [([CEPEC86 x RB36
3 x 10 zoospores/mL and placed on the center of ea¢bA)) X (TSH1188 x CAB169 (9A))], [(CSUL3 x CCN10 (1))
leaf disc. The boxes were closed and incubated at 25 °C4rUF273 (13)] [([CSUL3 x CCN10 (1)) X MCBO09 (10)],
the dark for seven days, when the assessment WASSUL3 x CCN10 (1)) X (SCA6 x RB36 (8))], [(CA5 x RB36
performed using a scoring scale developed by Nyetss&(2A)) X UF273 (13)], [(CA5 x RB36 (2A)) X (TSH1188 x
al. (2002) with values varying from 0 to 5. The diseas€AB169 (9A))], [([CAB301 x CCN10 (2)) X SJ02 (9)],
severity index (DI) was determined for each genotype frofiCCN10 x CAB324 (3A)) X (SCA6 x GU114 (10A))],
the scores using the equation of McKinney (1923)](CCN10x CAB324 (3A)) X (TSH1188 x CAB169 (9A))],
Infection index (%) = [E (scale degree x frequency) x[(MO20 x CCN34 (3)) X RLF1938 (11)], [(MO20 x CCN34
100]/ [(total number of units x maximum scale degree)].(3)) X (SCA6 x P4B (7))], [(MO20 x CCN34 (3)) X (SCA6 x
Two experiments were set up with all the 58 progenid3B36 (8))], [(MO20 x CCN34 (3)) X SJ02 (9)], [([CCN34 x
in a randomized block design with four replication§AB301 (4A)) X (SCA6 x GU114 (10A))], [(CCN34 x
containing ten discs per clone, totaling 40 discs inoculatésAB301 (4A)) X (TSH1188 x CAB169 (9A))], [(CAB148 x
per clone and experiment. The analysis of differencéd020 (4)) X RLF1938 (1)], [(MO20 xAMAZ15 (5A)) X
between means of progenies was conducted under {&A6xGU114 (10A))], [(CAB157 x MO20 (5)) X RLF1938
model with the sources of variation experiment anfl1)], [(CAB157 x MO20 (5)) X UF273 (13)], [(CAB157 x
treatment, without considering the genetic designs. TH020 (5)) X (SCA6 x RB36 (8))], [(NA33 x RB39 (6)) X
model experiment, motheand father was used to analyzeEET75 (12)], and [(NA33 x RB39 (6)) X (SCAG x RB36 (8))].
differences between progenitors for each of the thrégcavina-6 is a clone resulting from the first studies aimed
diallels. The previous model was used to analyze mothaf resistance to cacao diseases started in the 1930s in

within father or father within mother Latin America and the Caribbean, and from Pound
collections (Pound, 1938) in Peru. Per se and in the progeny
RESULTS AND DISCUSSION was practically immune to WB in their first assessment in

Trindade (Bartley2005), which would indicate possession

o ~of more than one resistance allele — all progeny practically
The proposal presented here for defining the diseaggy, ;ne _ with an exceptional behavior until today

index for the early assessment of cacao seedlings t0gknending on fungus population. Scavina-6 is still widely
into account a very important factor: the dry broomygeq o5 4 source of resistancltgerniciosan current
Therefore, plant death due to the disease was considegede jing programs with cacao clones, but new sources of

in this study In addition, the methodology gives greatetegjstance need to be incorporated as a strategy to obtain
or lesser weight to the types of brooms formed accordlrpgsting resistance (Pinto & Pires, 1998).

to the number of axillary broom and size of terminal broom. 11,5 these various progenies have a mean behavior

This formula also included the presence of cotyledonagy, iy ajent to that of a progeny known to have resistance
broom because of the relatively high frequency of thig e e in all plants. Others, with means not so favorable
type of symptom in plants from some genotypes. but distinct from susceptible progenies and, therefore,
Significant effects for inoculation test (p = 0.0415) an@arrying resistance alleles, may be derived from
progeny (P < 0.0001) were observed by the F-test, wifeterozygous parents for resistance even with more than
ten inoculations tests with different progenies in eacfne allele (in this case, in different loci), which could
test and three controls in all testss a primary and segregate and generate non-resistant plants, which would
extremely important element, among the 72 crossings, Qse the mean DI of the progeny
differed from the two susceptibility controls (Catongo and  a| progenies that differed from susceptible controls
SIC23), showing the effectiveness of progenitor selectio(ﬂay provide resistant plants for selecting clones for
and prospects of gain with plant selection within thesgssessment and indication of commercial varieties or
progenies (&ble 2). Non-distinct crossings from one Olgeneration of a new selection cycle. Howewthis
both controls were [(MO20 AMAZ15 (5A)) X UF273  selection will be carried out with resistance and
(13)], [(CAB157 x MO20 (5)) X EET75 (12)], and (CAB148 productivity field data, especially from plants selected as
x MO20 (4)) X UF273 (13)], all of them with one of theyegistant in this early selection phase, considering, in
progenitors selected only for moniliasis and none of thegydition to the per se plant performance, the combining
with any Scavina ancestry ability of each parent and the mean progeny performance.
At the other end of the list, 26 crossings did not differ Among the progenitors involved in the 26 most
from the control progeny of Scavina-6: [MCBO09 (10) Xresistant crossings, the mother plants SCA6 x GU114 (10A)
EET75 (12)], [(CEPEC86 x RB36 (1A)) X RLF1938 (11)],and TSH1188 x CAB169 (9A) and clone RLF1938 (11)
[(CEPECS86 x RB36 (1A)) X (SCA6 x GU114 (10A))], stood out since all of them appear in four of these

1.1 Assessment for witches’ broom
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Table 2: Mean disease index of witchdsbom in cacao seedlings from crossings (DI) and the probability of error (P) for rejecting
the hypothesis of equality between means of each progeny and controlsTigshe

Controls
Crossings Disease index (DI) CAT SIC23 SCA6
1.878526 2.134295 0.275166
MCBO09 (10) x EET75 (12) 0.26236770 <.0001 <.0001 0.9676
MCBO 9 (10) x UF273 (13) 0.98332349 <.0001 <.0001 <.0001
RLF1938 (11) x EET75 (12) 1.21532022 <.0001 <.0001 <.0001
RLF1938 (11) x UF273 (13) 1.16995865 <.0001 <.0001 <.0001
CEPECS86 x RB36 (1A) x SCA6 x GU114 (10A) 0.26231648 <.0001 <.0001 0.9299
CEPECS86 x RB36 (1A) x RLF1938 (11) 0.30737087 <.0001 <.0001 0.8015
CEPECS86 x RB36 (1A) x EET75 (12) 0.77984161 <.0001 <.0001 0.0009
CEPECS86 x RB36 (1A) x UF273 (13) 1.27083093 <.0001 <.0001 <.0001
CEPECS86 x RB36 (1A) x CSG70 (6A) 0.17017603 <.0001 <.0001 0.4494
CEPECS86 x RB36 (1A)kKSH1188 x CAB169 (9A) 0.48887735 <.0001 <.0001 0.1512
CSUL3 x CCN10 (1) x MCBC9 (10) 0.10930392 <.0001 <.0001 0.4324
CSUL3 x CCN10 (1) x RLF1938 (11) 1.26759565 <.0001 <.0001 <.0001
CSUL3 x CCN10 (1) x EET75 (12) 0.82017957 <.0001 <.0001 <.0001
CSUL3 x CCN10 (1) x UF273 (13) 0.39253358 <.0001 <.0001 0.4163
CSUL3 x CCN10 (1) x SCA6 x P4B (7) 0.69903514 <.0001 <.0001 0.0010
CSUL3 x CCN10 (1) x SCA6 x RB36 (8) 0.55446115 <.0001 <.0001 0.0620
CSUL3 x CCN10 (1) x SJ02 (9) 1.23771981 <.0001 <.0001 <.0001
CA5 x RB36 (2A) x RLF1938 (11) 0.86136731 <.0001 <.0001 0.0001
CA5 x RB36 (2A) x EET75 (12) 0.82965478 <.0001 <.0001 <.0001
CA5 x RB36 (2A) x UF273 (13) 0.59216814 <.0001 <.0001 0.1580
CA5 x RB36 (2A) x TSH1188 x CAB169 (9A) 0.58292402 0.0001 <.0001 0.3568
CAB301 x CCN10 (2) x MCBC9 (10) 1.13292539 <.0001 <.0001 <.0001
CAB301 x CCN10 (2) x RLF1938 (11) 0.73288443 <.0001 <.0001 0.0003
CAB301 x CCN10 (2) x EET75 (12) 0.82615348 <.0001 <.0001 0.0054
CAB301 x CCN10 (2) x UF273 (13) 0.89303728 <.0001 <.0001 <.0001
CAB301 x CCN10 (2) x SCA6 x P4B (7) 0.84546700 <.0001 <.0001 <.0001
CAB301 x CCN10 (2) x SCA6 x RB36 (8) 0.64567362 <.0001 <.0001 0.0113
CAB301 x CCN10 (2) x SJ02 (9) 0.51708489 <.0001 <.0001 0.0546
CCN10 x CAB324 (3A) XSCA6 x GU114 (10A) 0.50806462 <.0001 <.0001 0.0695
CCN10 x CAB324 (3A) x RLF1938 (11) 0.54574495 <.0001 <.0001 0.0388
CCN10 x CAB324 (3A) x EET75 (12) 1.11338835 0.0004 <.0001 <.0001
CCN10 x CAB324 (3A) x UF273 (13) 0.84417142 <.0001 <.0001 0.0058
CCN10 x CAB324 (3A) XSH1188 x CAB169 (9A) 0.47418613 <.0001 <.0001 0.1222
MO20 x CCN34 (3) x RLF1938 (11) 0.46385543 <.0001 <.0001 0.1493
MO20 x CCN34 (3) x UF273 (13) 0.80422209 <.0001 <.0001 0.0162
MO20 x CCN34 (3) x SCA6 x P4B (7) 0.28851720 <.0001 <.0001 0.9182
MO20 x CCN34 (3) x SCA6 x RB36 (8) 0.32270728 <.0001 <.0001 0.8318
MO20 x CCN34 (3) x SJO2 (9) 0.49044389 0.0021 0.0003 0.6339
CCN34 x CAB301 (4A) xSCAB6 x GU114 (10A) 0.33895424 <.0001 <.0001 0.6306
CCN34 x CAB301 (4A) x RLF1938 (11) 0.77504600 <.0001 <.0001 <.0001
CCN34 x CAB301 (4A) x EET75 (12) 1.42855286 0.0080 <.0001 <.0001
CCN34 x CAB301 (4A) x UF273 (13) 0.80682535 <.0001 <.0001 <.0001
CCN34 x CAB301 (4A) x CSG70 (6A) 0.80651601 <.0001 <.0001 <.0001
CCN34 x CAB301 (4A) x BN34 (7A) 1.28318426 0.0025 <.0001 <.0001
CCN34 x CAB301 (4A) XTSH1188 x CAB169 (9A) 0.15517461 <.0001 <.0001 0.3753
CAB148 x MO20 (4) x MCBC9 (10) 1.55850781 0.0170 <.0001 <.0001
CAB148 x MO20 (4) x RLF1938 (11) 0.22898036 <.0001 <.0001 0.7639
CAB148 x MO20 (4) x UF273 (13) 1.97484709 0.8708 0.7878 0.0041
CAB148 x MO20 (4) x SCA6 x P4B (7) 1.40586739 0.0010 <.0001 <.0001
CAB148 x MO20 (4) x SJ02 (9) 0.98465817 0.0002 <.0001 0.0028

To be continued...
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Continuation able 2

Controls
Crossings Disease index (DlI) CAT SIC23 SCAG6
1.878526 2.134295 0.275166

MO20 xAMAZ15 (5A) xSCA6 x GU114 (10A) 0.43917588 <.0001 <.0001 0.2079
MO20 xAMAZ15 (5A) x EET75 (12) 1.24824115 <.0001 <.0001 <.0001
MO20 xAMAZ15 (5A) x UF273 (13) 1.82716434 0.7939 0.1176 <.0001
MO20 xAMAZ15 (5A) x CSG70 (6A) 0.69640765 <.0001 <.0001 0.0494
MO20 xAMAZ15 (5A) x BN34 (7A) 1.26681025 0.0001 <.0001 <.0001
MO20 xAMAZ15 (5A) xTSH1188 x CAB169 (9A) 0.74904369 <.0001 <.0001 0.0086
CAB157 x MO20 (5) x MCBC9 (10) 0.93062792 <.0001 <.0001 0.0015
CAB157 x MO20 (5) x RLF1938 (11) 0.36615577 <.0001 <.0001 0.5336
CAB157 x MO20 (5) x EET75 (12) 1.80944936 0.5907 0.0109 <.0001
CAB157 x MO20 (5) x UF273 (13) 0.64574296 <.0001 <.0001 0.0569
CAB157 x MO20 (5) x SCA6 x P4B (7) 1.03421936 <.0001 <.0001 <.0001
CAB157 x MO20 (5) x SCA6 x RB36 (8) 0.50973135 <.0001 <.0001 0.1240
CAB157 x MO20 (5) x SJ02 (9) 0.61125419 <.0001 <.0001 0.0107
NA33 x RB39 (6) x MCBC9 (10) 0.78204961 <.0001 <.0001 0.0002
NA33 x RB39 (6) x RLF1938 (11) 1.13390423 0.0002 <.0001 <.0001
NA33 x RB39 (6) x EET75 (12) 0.52477423 <.0001 <.0001 0.0660
NA33 x RB39 (6) x UF273 (13) 0.62723668 <.0001 <.0001 0.0079
NA33 x RB39 (6) x SCA6 x P4B (7) 0.86889884 <.0001 <.0001 <.0001
NA33 x RB39 (6) x SCA6 x RB36 (8) 0.49357779 <.0001 <.0001 0.1651
NA33 x RB39 (6) x SJO2 (9) 1.33420130 0.0001 <.0001 <.0001
SJ02 (9) x EET75 (12) 1.00411401 <.0001 <.0001 <.0001
SJ02 (9) x UF273 (13) 0.94675223 <.0001 <.0001 <.0001
CATONGO®Y 1.87852665 0.0008 <.0001
Sic23Y 2.13429554 0.0008 <.0001
SCA6? 0.27516669 <.0001 <.0001

(@ Susceptibility control®Resistance control.

crossings, and the first two presented the lowest correcterssing in field assessments and concluded that RB39 is
means of progenitors (0.3424 and 0.4985, respectively highly promising source of resistance to WB, promoting
Among the 26 crossings that were similar to Scavina-fe durability of this character when combined with other
CEPECS86 x RB36 (1A) should also be highlighted, as #ources. This latter progenitor did not differ from the
also appears four times in the list when combined witprogenitors CSUL3 x CCN10 (1), CAB301 x CCN10 (2) and
RLF1938 (11), CSG70 (6A), SCA6 x GU114 (10A), andM 020 x CCN34 (3) which also showed low DI means.
TSH1188 x CAB169 (9A). The best father for crossings with MO20 x CCN34 (3)
The two clones resistant to moniliasis used in theas SCA6 x P4B (7), but this crossing only differed
experiments (EET75 and UF273), formed five progeniesignificantly (p < 0.05) from the crossing with UF273 (13),
as resistant as the standard: [MCBO09 (10) X EETAbhich was, regarding resistance, selected only for
(12)], [(CSUL3 x CCN10 (1)) X UF273 (13)], [(CA5 x RB36 moniliasis. The crossing [(MO20 x CCN34 (3)) X UF273
(2A)) X UF273 (13)], [(CAB157 x MO20 (5)) X UF273 (13)] showed no ancestry of Scavina. The parents SCA6 x
(13), and [(NA33 x RB39 (6)) X EET75 (12)], which RB36 (8), RLF1938(11), and SJO02 (9), all with ancestry of
indicates their great potential also for WB. Pimenta NetScavina, generated progenies with means close to that
et al (2018) also found that five of the offspring of thegenerated by the progenitor SCA6 x P4B (7) (means shown
clones EET75 (12) and UF273 (13) crossed with othém Table 2 and probability of error for rejecting the
genetic materials generated progenies with very lotwpothesis of equality between means not shown).
WB index, three of them crossed with EET75 (12) and The best parents for crossings with NA33 x RB39
two with UF273 (13). (6) were SCA6 x RB36 (8) and EET75 (12), both
Regarding the performance of fathers and mothecsossings significantly different from the two worst:
used in the three tests, MO20 x CCN34 (3) was the be&i02(9) and RLF1938(11), which are very contrasting
mother in diallel 01, with no difference only from NA33 xresults when compared to those of the crossings with
RB39 (6) (Bble 3). Benjamiet al. (2016) used this last MO20 x CCN34 (3).

Rev CeresVicosa, v67, n.5, p. 383-394, sep/oct, 2026




Association of genes from different sources of resistance to major cacao diseases

389

Regarding the overall means of parents of diallel 01, The best mother in diallel 02 was CEPEC86 x RB36
the best parents were the mother SCA6 x RB36 (8) a(tiA), which did not differ only from CCN10 x CAB324
clones RLF1938 (11) and UF273 (13), not distinct fronj3A). The worst was the mother MO2BRAMAZ15 (5A),
each other and significantly different from all others.

The father SCA6 x RB36 (8) was four times among thealues (Bble 3).
most resistant crossings when combined with mothers The best fathers for mothers CEPEC86 x RB36 (1A)
CSUL3x CCN10 (2), MO20 x CCN34 (3), CAB157 x MO20and CCN10 x CAB324 (3A) and overall means of diallel
(5), and NA33 x RB39 (6). The father RLF1938 (11) als@ were SCA6 x SGU114 (10A) and TSH1188 x CAB169
four times appeared, being the mothers CEPEC86 x RB@§)). Clone RLF1938 (11), which is a selection carried
(1A), MO20 x CCN34 (3), CCN34 x MO20 (4), and CAB157out in a farm of the region, with probable ancestry of
x MO20 (5). Clone UF273 (13) appeared in this rankingcavina and also crossed with the first motlasrthe
with three satisfactory combinations with the mothergyo previous fathers, generated progenies with
CEPECS86 x RB36 (1), CA5 x RB36 (2A), and CAB157 Xperformance similar to that of the resistance pattern. In
fact, the four crossings that had SCA6 x SGU114 (10A)

MO20 (5).

but the five did not present large differences in absolute

Table 3 Mean performance dfloniliophthora perniciosanfection of fathers and mothers for the three studied genetic designs and
the probability of error (P) for rejecting the hypothesis of equality between meansTietiie

P D c CcM Cc(1 C@ Cc@ cCc@ c®B c®
CSULBXCCN10 (1) 0.814 0.9227 00348 <0001 00522 0.6551
CAB301XCCN10(2)  0.807 0.9227 0.0440 <0001 0.0481 0.7343

" MO20xCCN34 (3) 0.627 00348 0.0440 <0001 00004 0.0821
CAB148xMO20 (4) 1242 <0001 <0001 <0001 0.0010 <.0001
CAB157xMO20 (5) 0.948 00522 00481 00004 0.0010 0.0193

. NA33xRB39 (6) 0.784 06551 0.7343 00821 <0001 0.0193
C(0) C@) cC@2 c@s c(@) c@® cO
MCBC9 (10) 1.019 <0001 01705 00031 05228 <0001 0.4087
RLF1938(11) 0.666 <.0001 <0001 03453 <0001 04226 0.0004
. EET75 (12) 1151 01705 <.0001 <0001 00262 <0001 0.0171
UF273 (13) 0.743 00031 0.3453 <.0001 0.0053 00962 0.0156
SCA6XP4B (7) 0.965 05228 <0001 00262 0.0053 <0001 0.7901
SCA6XRB36 (8) 0.601 <0001 04226 <0001 00962 <.0001 <0001
302 (9) 0.945 04087 00004 00171 00156 0.7901<.0001
C(1A) C(A) C(3A) C(4A) C(5A)
CEPEC86xRB36 (1A)  0.635 0.0469 01747 0.0439 <.0001

y CABXRB36 (2A) 0.832  0.0469 04019 05620 0.2351
CCN1OXCAB324 (3A) 0744 01747 0.4019 0.6955 0.0171
CCN34xCAB301 (4A) 0775 0.0439 05620 0.6955 0.0203
MO20XAMAZ15 (5A) 0959 <0001 02351 00171 0.0203

2 C  (10A) C(1) C(12) C(13) C(6A) C(7A) C(9A)
SCA6xGU114 (10A)  0.342 0.0003 <0001 <0001 0.0054 <0001 0.0692
RLF1938(11) 0.649 0.0003 0.0002 <0001 0.7424 <0001 0.0871
EET75 (12) 0.977 <0001 0.0002 0.0099 0.0005 0.0641<.0001
F UF273 (13) 1219 <0001 <0001 0.0099 <0001 0.9858 <.0001
CSG70 (6A) 0.616 0.0054 07424 0.0005 <.0001 <0001 0.2508
BN34 (7A) 1222 <0001 <0001 0.0641 09858 <.0001 <0001
TSH1188xCAB169 (9A) 0498 00692 00871 <0001 <0001 0.2508 <.0001
C@0) c@y c@)
MCBO09 (10) 1.069 0.3605  0.8606
M RLF1938(11) 1232 0.3605 0.2424
302 (9) 1035 08606 0.2424
3 C(12) C13)
EET75 (12) 1109 09711
F UF273 (13) 1115

P: parental; D: diallel; C: crossings; CM: corrected mean; M: mother; F: father
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as father and four of the five with TSH1188 x CAB169vere also observed in other studies (Saatad.,, 2011,
(9A) were as resistant as SCA6. The exception wdahiaet al, 2015; Barretet al, 2015).
observed for the crossing with the mother MO20 x On the other hand, among the 58 crossings tested, 10
AMAZ15 (5A), whose only resistant crossing was withshowed significantly lower means than Scavina-6 at 5%
10A (Table 2). probability namely: [RLF1938 (M) X EET75 (12)], [CSUL3
Diallel 03 showed no significant difference betweemx CCN10 (1) X SJ02 (9)], [CA5 x RB36 (2A) X EET75 (12)],
the means of the mothers SJ02 (9), MCB09 (10), aff@AB301 x CCN10 (2) X EET75 (12)], [CAB301 x CCN10 (2)
RLF1938 (11), all clones selected in farms of the caca0SJ02 (9)], [CCN34 x CAB301 (4A) X EET75 (12)], [CAB148
region of Bahia due to their productivity and resistanceM0O20 (4) X MCBO09 (10)], [CAB148 x MO20 (4) X RLF1938
to WB, as well as probable ancestry of Scavina. N@1)],[MO20 xAMAZ15 (5A) X EET75 (12)], and [CAB157
significant differences were also observed between tkkdMO20 (5) X SJ02 (9)JAnother 27 crossings had non-
two fathers of diallel 03, EET75(12) and UF273(13). statistically different means to those of Scavina-6, with
six crossings that did not differ from resistance or
1.2 Assessment for black pod susceptibility controls: [MO20 x CCN34 (3) X SCAG x P4B
The tests with leaf discs suggested by Nyats#l.  (7)], [MO20 xAMAZ15 (5A) X TSH1188 x CAB169 (9A)],
(1995) has been widely used for the assessment [gfAB157 x MO20 (5) X UF273 (13)], [NA33 x RB39 (6) X
resistance to cacao diseases (Sagttas, 2011; Bahi@t RLF1938 (11)], [NA33 x RB39 (6) X SJ02 (9)], and [SJO2 (9)
al., 2015; Barretet al, 2015), showing a high reliability X UF273 (13)].
regarding BP behavior in fruits (Piresal, 1997; Santos  Eight crossings presented exceptional values for both
et al, 2009).The species. palmivorawas used in WB and BPas follows: [[CSUL3 x CCN10 (1)) X UF273
resistance tests because it is a common cosmopolif@m)], [(CSUL3 x CCN10 (1)) X (SCA6 x RB36 (8))],
species in all cocoa producing regions (etial, 2001). [(CAB301x CCN10 (2)) X SJ02 (9)], [(MO20 x CCN34 (3)) X
In addition, Risteruceet al (2003) demonstrated that theR| F1938 (11)], [[CCN34 x CAB301 (4A)) X (SCA6 x GU114
selection to a single predominant species, sucR. as(10A))], [(CCN34 x CAB301 (4A)) X (TSH1188 x CAB169
palmivorain Bahia (Luzet al, 2018), provides significant (9A))], [[CAB148 x MO20 (4)) X RLF1938 (11)] and [(NA33
genetic gains of resistance to the disease. x RB39 (6)) X EET75 (12)] (@bles 1 and 2Jwo of these
The means of infection caused By palmivora progeniesi.e., [CSUL3 x CCN10 (1)) X UF273 (13)] and
showed that differences regarding susceptible contrdiéNA33 x RB39 (6)) X EET75 (12)], can carry resistance
were not as clear as those foundNbrperniciosa This  genes to moniliasis and are, therefore, essential for
result was expected because the selection in the previgueventive breeding to this disease in Brazil. Fifteen
cycle for BP was primarily indirect by the priority selectiorcrossings with sources of resistance to moniliasis stood
for resistance to WB or moniliasis. In addition, many obut as resistant to BBeing eight with UF273 (13) and
the progenies did not differ or even surpassed, in averageven with EET75 (12).
the controls: 16 crossings were similar and 11 crossings Regarding the general combining ability in
had means higher when compared to those found for thegenitors, the best mothers in diallel 01 were CAB148 x
susceptibility controls Catongo and SIC-23&ljle 4). MO20 (4) and CSUL3 x CCN10 (1), not differing from each
Progenies more susceptible than susceptibility patterother and with significantly lower means than all other

Table 4: Mean disease index of black pod in cacao disc leaves (DI) and the probability of error (P) for rejecting the hypothesis of
equality between means of each progeny and controls Biytest

Controls

Crossings Disease index (DlI) CAT SIC23 SCA6

51.71 52.54 37.29
MCBC9 (10) x UF273 (13) 64.00 0.0070 0.0119 <.0001
RLF1938 (11) x EET75 (12) 27.00 <.0001 <.0001 0.0238
RLF1938 (11) x UF273 (13) 40.00 0.0102 0.0059 0.5511
CEPECS86 x RB36 (1A) x  RLF1938 (11) 55.50 0.4040 0.5150 <.0001
CEPECS86 x RB36 (1A) x UF273 (13) 69.25 0.0001 0.0003 <.0001
CEPECS86 x RB36 (1A)kSH1188 x CAB169 (9A) 53.50 0.6933 0.8329 0.0004
CSUL3 x CCN10 (1) x RLF1938 (11) 31.00 <.0001 <.0001 0.1664
CSUL3 x CCN10 (1) x EET75 (12) 50.25 0.7482 0.6140 0.0045
CSUL3 x CCN10 (1) x UF273 (13) 28.75 <.0001 <.0001 0.0605

To be continued...

Rev CeresVicosa, v67, n.5, p. 383-394, sep/oct, 2026




Association of genes from different sources of resistance to major cacao diseases 391

Continuation able 4

Controls
Crossings Disease index (DlI) CAT SIC23 SCA6
1.878526 2.134295 0.275166

CSUL3 x CCN10 (1) x SCA6 x P4B (7) 30.00 <.0001 <.0001 0.1089
CSUL3 x CCN10 (1) x SCA6 x RB36 (8) 39.50 0.0074 0.0042 0.6269
CSUL3 x CCN10 (1) x SJ02 (9) 22.75 <.0001 <.0001 0.0014
CA5 x RB36 (2A) x RLF1938 (11) 36.50 0.0009 0.0004 0.8617
CA5 x RB36 (2A) x EET75 (12) 22.00 <.0001 <.0001 0.0008
CA5 x RB36 (2A) x UF273 (13) 47.50 0.3544 0.2673 0.0249
CA5 x RB36 (2A) x TSH1188 x CAB169 (9A) 71.50 <.0001 <.0001 <.0001
CAB301 x CCN10 (2) x MCBC9 (10) 35.25 0.0003 0.0002 0.6531
CAB301 x CCN10 (2) x EET75 (12) 28.25 <.0001 <.0001 0.0469
CAB301 x CCN10 (2) x UF273 (13) 41.75 0.0287 0.0178 0.3266
CAB301 x CCN10 (2) x SCA6 x P4B (7) 61.75 0.0274 0.0430 <.0001
CAB301 x CCN10 (2) x SCA6 x RB36 (8) 55.00 0.4688 0.5884 0.0001
CAB301 x CCN10 (2) x SJ02 (9) 19.75 <.0001 <.0001 0.0001
CCN10 x CAB324 (3A) SCA6 x GU114 (10A) 66.75 0.0010 0.0018 <.0001
CCN10 x CAB324 (3A) x RLF1938 (11) 42.25 0.0377 0.0238 0.2753
CCN10 x CAB324 (3A) x EET75 (12) 315 <.0001 <.0001 0.2027
CCN10 x CAB324 (3A) x UF273 (13) 29.50 <.0001 <.0001 0.0867
CCN10 x CAB324 (3A) ¥SH1188 x CAB169 (9A) 67.00 0.0008 0.0015 <.0001
MO20 x CCN34 (3) x RLF1938 (11) 40.50 0.0139 0.0082 0.4801
MO20 x CCN34 (3) x UF273 (13) 61.50 0.0315 0.0490 <.0001
MO20 x CCN34 (3) x SCA6 x P4B (7) 44.00 0.0901 0.0605 0.1401
CCN34 x CAB301 (4A) SCA6 x GU114 (10A) 37.75 0.0022 0.0012 0.9196
CCN34 x CAB301 (4A) x RLF1938 (11) 50.00 0.7069 0.5759 0.0053
CCN34 x CAB301 (4A) x EET75 (12) 26.50 <.0001 <.0001 0.0178
CCN34 x CAB301 (4A) x UF273 (13) 37.50 0.0018 0.0010 0.9634
CCN34 x CAB301 (4A) x CSG70 (6A) 54.75 0.5032 0.6269 0.0001
CCN34 x CAB301 (4A) x BN34 (7A) 57.50 0.2027 0.2753 <.0001
CCN34 x CAB301 (4A) X¥SH1188 x CAB169 (9A) 34.25 0.0001 <.0001 0.5032
CAB148 x MO20 (4) x MCBC9 (10) 20.00 <.0001 <.0001 0.0002
CAB148 x MO20 (4) x RLF1938 (11) 20.00 <.0001 <.0001 0.0002
CAB148 x MO20 (4) x SCA6 x P4B (7) 35.00 0.0003 0.0001 0.6140
MO20 xAMAZ15 (5A) x EET75 (12) 27.00 <.0001 <.0001 0.0238
MO20 xAMAZ15 (5A) x UF273 (13) 56.75 0.2673 0.3544 <.0001
MO20 xAMAZ15 (5A) xTSH1188 x CAB169 (9A) 46.00 0.2092 0.1502 0.0556
CAB157 x MO20 (5) x MCBC9 (10) 37.25 <.0001 <.0001 0.9903
CAB157 x MO20 (5) x EET75 (12) 63.25 0.0113 0.0187 <.0001
CAB157 x MO20 (5) x UF273 (13) 45.00 0.1401 0.0973 0.0901
CAB157 x MO20 (5) x SCA6 x P4B (7) 68.25 0.0003 0.0006 <.0001
CAB157 x MO20 (5) x SCA6 x RB36 (8) 82.00 <.0001 <.0001 <.0001
CAB157 x MO20 (5) x SJ02 (9) 28.25 <.0001 <.0001 0.0469
NA33 x RB39 (6) x MCBC9 (10) 41.50 0.0249 0.0153 0.3544
NA33 x RB39 (6) x RLF1938 (11) 45.00 0.1401 0.0973 0.0901
NA33 x RB39 (6) x EET75 (12) 37.50 0.0018 0.0010 0.9634
NA33 x RB39 (6) x UF273 (13) 71.75 <.0001 <.0001 <.0001
NA33 x RB39 (6) x SCA6 x P4B (7) 36.75 0.0010 0.0005 0.9051
NA33 x RB39 (6) x SCA6 x RB36 (8) 49.00 0.5511 0.4357 0.0102
NA33 x RB39 (6) x SJ02 (9) 43.50 0.0712 0.0469 0.1721
SJ02 (9) x EET75 (12) 31.25 <.0001 <.0001 0.1839
SJ02 (9) x UF273 (13) 44.00 0.0901 0.0605 0.1401
CATONGO® 51.71 0.7315 <.0001
SIc23v 52.54 0.7315 <.0001
SCA8? 37.29 <.0001 <.0001

@ Susceptibility control®Resistance control.
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(Table 5).The mother CAB148 x MO20 (4) was presentin  For the fathers, the best performances were observed
three crossings classified as resistant, with MCB09 (1(pr clones SJ02 (9) and MCBO09 (10), with means not
RLF1938 (11), and SCA6 x P4B (7), the first two not differingstatistically distinct and lower than those of the other
from each other and both different from the latter at 5%rogenitors. The third of the selections carried out in a
probability (means shown ifable 2 and probability of farm, the clone RLF1938 (11), also presented a low mean
error for rejecting the hypothesis of equality betweeimfection, not differing from MCBO09 (10). From the four
means not shown). crossings with SJ02 (9), two were among the best
The mother CSUL3 x CCN10 (1) was present in sikeatments, with the mothers CAB301 x CCN10 (2) and
crossings, five of them being the most resistant. The bé$A33 x RB39 (6).
combination of this mother was with clone SJ02 (9), not Indiallel 02, CCN34 x CAB301 (4A) was the best mother
differing statistically from the combination with RLF1938and EET75 (12) the best fathéiffering from the other
(11), UF273 (13), and SCAG6 x P4B (7) (means shown jorogenitorsThis motherwhen combined witiSH1188 x
Table 4 and probability of error for rejecting the hypothesiSAB169 (9A), had a lower mean DI when compared to
of equality between means not shown). Scavina-6, with no statistical ég&fence from each other

Table 5: Mean performance d?hytophthora palmivorinfection of fathers and mothers for the three studies genetic designs and
probability of error (P) for rejecting the hypothesis of equality between means byabe

P D C CM C (1) C (2 C (3) C 4 C(5) C (6)
CSUL3xCCN10 (1) 32.157 0.0057 <.0001 0.2118 <.0001 <.0001
CAB301xCCN10 (2) 39.615 0.0057 0.0545 0.0008 <.0001 0.0081
M MO20xCCN34 (3) 46.279 <.0001 0.0545 <.0001 0.0888 0.9639
CAB148xM0O20 (4) 27.871 0.2118 0.0008 <.0001 <.0001 <.0001
CAB157xM0O20 (5) 51.936 <.0001 <.0001 0.0888 <.0001 0.0222
1 NA33xRB39 (6) 46.428 <.0001 0.0081 0.9639 <.0001 0.0222
C(10) C(11) C(12) Cc(13) Cc( C (8) C(9)
MCBC9 (10) 31.407 0.1100 0.0003 <.0001 <.0001 <.0001 0.1395
RLF1938(11) 36.655 0.1100 0.0664 0.0011 0.0031<.0001 0.0043
= EET75 (12) 42.992 0.0003 0.0664 0.1779  0.3982 0.0004.0001
UF273 (13) 47.181 <.0001 0.0011 0.1779 0.5265 0.0181<.0001
SCA6xP4B (7) 45468 <.0001 0.0031 0.3982 0.5265 0.0021<.0001
SCA6xRB36 (8) 54555 <.0001 <.0001 0.0004 0.0181 0.0021 <.0001
SJ02 (9) 26.742 0.1395 0.0043 <.0001 <.0001 <.0001 <.0001
C(1A) C(2A) C((3A) C@lA) C(BA
CEPEC86xRB36 (1A) 62.160 0.0035 0.0052 <.0001 0.0041
M CA5xRB36 (2A) 51.851 0.0035 0.8298 0.0047 0.8260
CCN10xCAB324 (3A) 52,516 0.0052 0.8298 0.0010 0.6749
CCN34xCAB301 (4A) 43.334 <.0001 0.0047 0.0010 0.0193
MO20xAMAZ15 (5A) 51.084 0.0041 0.8260 0.6749 0.0193
2 C (10A) C(11) C (12) C(13) C(6A) C(7TA) C(9A)
SCA6xGU114 (10A) 56.514 0.0089 <.0001 0.0349 0.2118 0.0838 0.6027
RLF1938(11) 45.786 0.0089 <.0001 0.4511 0.0010 0.0002 0.0052
EET75 (12) 30.515 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
F UF273 (13) 48.100 0.0349 0.4511 <.0001 0.0035 0.0006 0.0264
CSG70 (6A) 63.605 0.2118 0.0010 <.0001 0.0035 0.6650 0.0820
BN34 (7A) 66.355 0.0838 0.0002 <.0001 0.0006 0.6650 0.0242
TSH1188xCAB169 (9A) 54.450 0.6027 0.0052 <.0001 0.0264 0.0820 0.0242
c(10) C(@11) cC(
MCBO09 (10) 57.562 <.0001 <.0001
M RLF1938(11) 33.500 <.0001 0.0947
SJ02 (9) 37.625 <.0001 0.0947
3 C(12) cC13)
EET75 (12) 36.458 <.0001
F UF273 (13) 49.333
P: parental; D: diallel; C: crossings; CM: corrected mean; M: mother; F: .father
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EET75 (12) appears as the father in two of the most resist&apjamin CS, Luz EDMN, Santos WO & Pires JL (2016) Cacao
treatments families and parents selected as resistantto natural infection of

. Moniliophthora perniciosa Crop Breeding andApplied
For diallel 03, RLF1938 (11) and SJO2 (9) WEre Bijotechnology 16:141-146.

comparatively better mothers than MCB09 (10), Wh'C&ramacho KPLuz EDMN, Silva FS, Lopes UWires JL& Perei-
presented a corrected mean higher than the others dida L (2016) Pathogenic variability dfloniliophthora pernici-
The fathers EET75 (12) and UF273 (13) did not differ from ©sain three agroecological zones of the cacao region of Bahia,
each other Brazil. Crop Breeding andpplied Biotech, 16:07-13.

Clone SJ02 (9) contributed to the formation of three &f;ﬁa 1zV (2017) Morfologia e agressividade de isolados de
. . - ytophthora palmivorale cacaueiro no estado da Bahia. Dis-

the most resistant progenies to BP when crossed Withsertacgo de Mestrado. Universidade Estadual de Santa Cruz, Ilhé-
mothers CSUL3 x CCN10 (1), CAB301 x CCN10 (2), and us. 63p.
CAB157 x MO20 (5). The ancestry CSUL3 has beehopes UV Monteiro WR, Pires JL, Clement Dyamada MM &
standing out as a progenitor in other tests for resistanc@fsmac*;:’ Kg (2?311) d(?acao brl?eg'gg t'” EA’I Bfa;'l{-?s;fztfg'es
to WB (Maritaet al, 2001; Silvaet al, 2010; Benjamiet "¢ '#SU!ts- Crop Breeding angplied BlotechnologyS1:73-81.
al., 2016) and also for BP in field tests (Pieeal, 1097), Yz EDMN, Magalhdes DMA, Pimenta Nefa, Santos Filho

) o - ! . LP, Magalhdes LA& Faria FilhoAF (2018) Influéncia do
as well as in the artificial inoculation on fruits wikh sistema de cultivo na biogeografia das espécies de

palmivora(Luzet al, 1996). Phytophthorapatogénicas ao cacaueiro na Bahia, Brasil.
Agrotrépica, 30:205-214.
CONCLUSION Luz EDMN, SantosAF, Bezerra JL& Matsuoka K (2001) Doen-

These results allow the ea”y selection in the ¢as causadas p&hytophthorano Brasil. Campinas, Livraria e
. . Editora Rural. 757p.
establishment of recurrent selection tests, future plant .
selection, which will be tested as clones and assess&d EDMN: Silva SDVM, Bezerra JL, Souza KI SantosAF
. o . . o 008) Glossario llustrado dehytophthora técnicas especiais
regarding the possibility of becoming commercial varieties, para o estudo de oomicetos. Itabuna, Ceplac. 204p.
and selection of progenitors for the next recurrent selectipQl, pmn, silva SDVM, Yamada MM, Pires JL, Braga MCT
cycle. They also provide information on the potential of Lopes UV Bezerra JL& Brugnerotto MIB (1996) Research on
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