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Introduction, context and objectives

Bananas and plantains are cultivated in tropical and subtropical regions of more than 150 countries, on approximately 11 million hectares. Black
Sigatoka can lead to 100% production loss in the absence of chemical control, which can increase the production cost by 30%, impact health and
contaminate the environment. Developing cultivars resistant to black Sigatoka is the focus of many banana genetic breeding programs in the world
and Is an alternative to using fungicides. Thus, the objective of this work was to evaluate 23 diploid and eight tetraploid banana hybrids Iin the
presence of Pseudocercospora fijiensis.

Mat & Methods

The experiment was conducted In the experimental area of Embrapa in Brazil. The experimental design was completely randomized, with 10
replicates per genotype. Four selection strategies for genotypes resistant to black Sigatoka were evaluated: (1) evaluation of symptoms of the
disease during the entire period of the experiment; (2) evaluation of symptoms during the summer months; (3) evaluation of symptoms during the winter
months; and (4) classical evaluation of symptoms at the emission and harvest of bunches. The genotypes were evaluated for their behavior in the
presence of black Sigatoka using a scale of scores of symptoms of the disease in the leaves, which was proposed by Stover (1972) and modified by
Gauhl (1989). The evaluations started In the sixth month after planting when symptoms of black Sigatoka on leaf number 3 were observed until
senescence. The scale of scores was applied at intervals of 15 days for the n° 3 leaves selected. The scores were recorded at intervals of 15 days
and transformed into a disease severity index (DI, %) based on the formula described by Mckinney (1923). The area under the disease progress curve
(AUDPC) was estimated with the formula proposed by Madden et al., (2007). Evaluations to select the hybrids in the summer (December to March)
and winter (June to September) and estimates of the DI and AUDPC for these intervals (seasons of the year), were based on evaluations of the
symptoms at 15-day intervals and the number of replicates per genotype. Based on the averages of the four DI and four AIDPC, four dendrograms
were made using the average Euclidean distance and the Kmeans method to group the genotypes. Using the same DIs and AUDPCs, a heat map
analysis was conducted that produced a graphic interpretation where data referring to each genotype are represented by colors; shades in the scale of
green are associated with levels of genetic resistance and those in the scale of red indicate levels of susceptibility.

Results

Different groups formed depending on the evaluation strategy of the symptoms of black Sigatoka for both the number of genotypes and individuals In
each cluster (Figure 1). From the dendrograms, it can be Inferred that the most efficient way of differentiating the genotypes In the resistant,
moderately resistant and susceptible classes Is to evaluate black Sigatoka symptoms in the leaves during the winter. Higher mean values were
observed In the DI and AUDPC for the evaluations made in the winter, reinforcing that this is the best period to select genotypes resistant to the
disease, since there were better environmental conditions for the development of the epidemic in the field. With the goal of corroborating the cluster
results described above, a heat map analysis was conducted based on the four strategies used to select the genotypes resistant to black Sigatoka
(Figure 2). There was noticeable distinction among the selection periods based on the intensity of the colors Iin the figures where shades Iin the green
scale are associated with levels of genetic resistance and those In the red scale indicate levels of susceptibility. For the set of improved diploids, the
DI varied from 0.00 to 48.81 and the AUDPC varied from 0.00 to 2439.51. Three improved diploids were completely resistant to black Sigatoka:
CNPMF0519, CNPMF 0557 and CNPMFO0612. Another nine exhibited quantitative resistance to the pathogen, notably CNPMF0811 and CNPMF0993
that had the lowest DI and AUDPC among the genotypes. These five genotypes have potential for use in crosses with susceptible cultivars with the
goal of developing commercial cultivars resistant to black Sigatoka. For the tetraploid hybrids evaluated for resistance to black Sigatoka, the DI
varied from 15.06 and 63.52 and the AUDPC varied from 1000.21 to 3717.71. The genotype CNPMF0906 (Prata type) and the cultivar BRS Princesa
(Silk type) exhibited moderate resistance to the pathogen.

Conclusions and perspectives

In the context of global climate change, according to probabilistic models associated with an increase Iin the average temperature, a 50% increase Is
estimated In areas on the planet cultivated with bananas, especially in subtropical regions, such as southern Brazil, and areas at higher elevations. In this
scenario of higher temperatures, water will be supplied by irrigation, which will also increase the severity and incidence of black Sigatoka, since the
fungal spores will be in more favorable conditions for germination (Calberto et al., 2015). Therefore, cultivars adapted to this new condition will be In
Increasing demand by farmers, especially those associated with genetic resistance to pests and diseases.

- P, = -
I 25 o F I 2 Mapa de calor
. ] :} .
- e 1 Summer
Summer e Year - | -— | ear
aaaaaaa ! 05 1,6 2,5 3.5
o
2 -
Gl CNPMF0897
Grande MNaine
= E CNPMF0898 Gl CNPMFO897
e CNPMFO908 Grande Naine
CNPMF0306 CNPMF0898
M CNPMF0351 CNPMF0351
il L] ENBMEB2E ENPMF09
CNPMFO908
Gl e ol CNPMF0513 CNPWMF0282
Gl Gl Gl I CNPMF1105 CNPMEDS
E— T CNPMFEO9T7S
= B iaci e CNPMF0565 CNPMF0241
= CNEMEDRIS CNPMF1272
% Eﬁpmsgg?é CNPMF0496
| — B ENPMEOS0S
—— CNPMFO731 Gl CNPMFO731
CNPMF1272 CNPMFO56
CMNPMF1286 CMPME1286
Gl CNPMFO534 CNPMFOT6
= r~| E—r|1 /—’:| CNPMFO572 CNPIMEOSTS
1 e e
OO~ DNOND| T D - NN TN f |
e R o ] PR N AN RS R Sy g - ‘ 1" ENEME1102 CNPMEOSa4
b g A g ddd bbb A 4 ° |l o | | e ENBMFSS7
w w 3 B T T T Y T T T T ¥ o o — 2 N 2 | VFO5
%22222222§§22552222222222222§§§§ - R R T R R k- B | R a8 - P BB ra g CNEMEQD20 Gl CNBMESR 13
[ — — ¢ - LAl S SEysys S easaZOONOON AN ONODAMODO e Y N R =M ODO WM
2aglecaosgaaaaal aaaagacagaseassss TV aqNWw s Aend23=-0ual b4 NEWME CNPMF1102
SZZZ|Z2Z222222222|0 2222222222 ZZZZ2868 5 SZO OSSO Coo e S - oo ~cocogl-rocool—~o—29 0 CNPMF0993 ENPME0993
B POT[EVOLLVLVVOIEO SO0 OO0 U00O0OOOO Eggzggggi‘-&u;&:&auumuué (VI Y v T T g T T T CNPMF0811 CNPMFE1323
S2a33zaiaazaa|leaazaaze 5?555555555 SlelE B CNPMF0557
Z03882Z22Z22z2z2z2(|z2zz2zzz29||Z22222222222 MFOS1 CNPMF0612
O LPLYVOOO0OO00O0 ooolooo UOUUE B IS S S K3) 1D (%) AACPD s pepoomre CNPMF0519
n
! | Winter Classi
- 1 A
{ ! asSsSiCa
| |I] 1‘
gl | [ TN
J e JI
[omeevs ]
e | 31 .1 ﬂﬂlﬂun,m..- 05 1,5 25 35
e alores
N NEERRS]
Gl CNPMFO351
Grande Naine
- CNPMF0908
CNPMF0436
CNPMFO731
CNPMF0978
CNPME 1286
CNPMF0542
CNPMF1323
ENPIE090
Gl Gll Gl CNPMF0513
Gl Gll| Gl RS Princesa
' Gl | L— [ R C i 1272
NPMF0993
CNPMF0282
gNPMFq5§§
NBMEQS
NPMFD75
CNPMF1171
CNPMF0998
CNPMF0536
CNPMEQGT2
A M Gl ENPMFOB1]
= s ol l; | CNPMF0038
r~ -—N—oVnouNOO~~0 . =BT N~-N - O~ Iy g\
gagvgmoo —w?mgwm?‘:‘ggg B2 INC-—OEaREN 00 1~} KD 00 0 O~ N (N v— (O F KD =00 O ) T= O ) NI N EHEM%%&%
Z2ZNAMR OV H OB (T o||LUVVVOV-—-RMON =WOHOO MO W~ O-MOO NI~ OTNTO— o~-OPVOO
OOOOOOOOOOOO S3E|OSOS SO0 - =o = o FBDBS B0 QBB S =B DS 0 NHONSD SNSNB S CNPMF0519
Lgtuvupljubuubbyprfjbubopilivusuny OO0 P OO OO0 T 000 HOOO+Or-OO00E+~O0O0O CNPMF0612
cCiaazialceczacasa=30|Z22228z22z222 P TR v e et g e e T VI YR Tt e T T YR VI T e = TR T 7 i
202%%952122%2222% 380159255 222%22%% ©=2>>35 55555555555 >55o0>2203353355 ID-e (%) ID-c (%)
0O0O0COC 00O OCOOOOOOUESH||CCOCCOOOCCOL00 g&aam%aaaaaaaaaa %0_0_0_0_0_0-0.(10’)0_0_&&0_ ID (%) AACPD
L7222 22222222202 2222242202242 2
QUQ(_)QU(_)(_)(_)OOOOOOO DOO000000O0MOO0O0O0

L
References: Stover, R. H. 1972. Banana Plantain and Abaca Diseases. Common Welth Mycological Institute, p.316.; Gauhl, F., Pasberg-Gauhl, C., Jones, D. R. 2000. Black leaf streak: disease cycle and

—
I Hc £ epidemiology. In: Diseases of Banana, Abaca and Enset (Jones, D. R.), 2000, p.56-62.; Mckinney, H. H. 1923. Influence of soil, temperature and moisture on infection of wheat seedlings by Helminthosporium

sativum. Journal of Agricultural Research, 26, 195-217.; Madden, L. V., Hugles, G., Bosch, F. V. D. 2007. The study of Plant Disease Epidemics. The American Phytopathologica Society, 32, 31-63.
Acknowledgements : The National Council for Scientific and Technological Development (CNPq), the Fundacdo de Amparo a Pesquisa do Estado da Bahia (FAPESB), the Coordination for the Improvement of
ANGERS — FR Higher Education Personnel (CAPES), the Bill & Melinda Gates Foundation and Embrapa.




