Resistance to Fusarium dry root rot disease in cassava accessions
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Abstract—The objective of this work was to identify sources of resistance to dry root rot induced by Fusarium sp.
in cassava accessions. A macroconidial suspension (20 pL) of 11 Fusarium sp. isolates was inoculated in
cassava roots, from 353 acessions plus seven commercial varieties. Ten days after inoculation, the total area
colonized by the pathogen on the root pulp was evaluated by digital image analysis. Cluster analysis revealed
the presence of five groups regarding resistance. The root lesion areas ranged from 18.28 to 1,096.07 mm? for
the accessions BGM 1518 and BGM 556, respectively. The genotypes BGM 1042, BGM 1552, BGM 1586,
BGM 1598, and BGM 1692 present the best agronomical traits.

Index terms: Manihot esculenta, bioprospection, germplasm bank, screening for resistance.

Resisténcia a podridao seca das raizes ocasionada
por Fusarium em acessos de mandioca

Resumo — O objetivo deste trabalho foi identificar fontes de resisténcia a podriddo seca das raizes ocasionada
por Fusarium sp. em acessos de mandioca. Inoculou-se uma suspensdo (20 pulL) de macroconidios de 11
isolados de Fusarium sp. em raizes de 353 acessos ¢ sete variedades comerciais de mandioca. Dez dias apos
a inoculacdo, avaliou-se a area total colonizada pelo patdgeno na polpa das raizes, por meio de analise de
imagens digitais. A analise de agrupamento revelou a presenga de cinco grupos quanto a resisténcia. As areas
lesionadas das raizes variaram de 18,28 a 1.096,07 mm? nos acessos BGM 1518 ¢ BGM 556, respectivamente.
Os genotipos BGM 1042, BGM 1552, BGM 1586, BGM 1598 ¢ BGM 1692 apresentam as melhores
caracteristicas agrondmicas.

Termos para indexacdo: Manihot esculenta, bioprospecgio, banco de germoplasma, selegdo para resisténcia.
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Root rot, one of the most destructive diseases of
cassava (Manihot esculenta Crantz) worldwide, is
responsible for severe losses and can be caused by
a complex of species, including Phytophthora spp.,
Scytalidium  spp.,  Botryodiplodia  theobromae,
Armillaria  mellea, Sclerotium rolfsii, Nattrassia
mangiferae, and Fusarium spp. (Bandyopadhyay et al.,
2006; Okechukwu et al., 2009). The two most prevalent
pathogen species in Brazil are Phytophthora drechsleri,
mostly associated with soft root rot, and Fusarium spp.,
causing dry root rot (Bandyopadhyay et al., 2006; Muniz
et al., 2006). Under favorable conditions, the losses
caused by the disease may reach 100%.

The use of cultivars resistant to different pathogens
is, by far, the most effective management practice in
cassava production systems because the associated

Pesq. agropec. bras., Brasilia, v.48, n.10, p.1414-1417, out. 2013
DOI: 10.1590/S0100-204X2013001000014

costs are lower than those of chemical pesticides. In
general, resistance screening is conducted under field
conditions; however, because the disease incidence
and severity can only be assessed after harvesting, the
process of selection for improved cassava accessions
could be very difficult. To solve this problem, different
strategies have been used for the identification of
resistance in laboratory assays: inoculation of stem
cuttings, root slices, and whole root (Onyeka et al.,
2005).

The objective of this work was to identify sources
of resistance to dry root rot induced by Fusarium sp. in
cassava accessions belonging to the germplasm bank
of Embrapa Mandioca e Fruticultura.

The experiment was carried out at Cruz das Almas,
state of Bahia, Brazil, under controlled conditions.
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A mini-core cassava germplasm collection was
characterized as to resistance or susceptibility level.
For that, 353 accessions (from a total of 1,291) and
seven commercial varieties (BRS Aipim Brasil,
BRS Kiriris, BRS Verdinha, Caravela, BRS Aramaris,
Mani-Branca, and Fécula-Branca) were inoculated
with a mix of 11 Fusarium sp. isolates. Assessments
of resistance level were conducted using the method
modified from Onyeka et al. (2005), with whole-root
inoculation and evaluation of the final lesion area
ten days after inoculation, by means of digital image
analysis.

Entire cassava roots (from plants produced from
2011-2012), with diameter between 6-10 cm,
were washed, disinfected with 0.5% hypochlorite
solution, and placed on sterile filter paper to dry. For
inoculation, 3—4 mm depth wounds were produced
in the central region of the root using a metal punch
(© 0.6 cm). The roots were inoculated with a 20
pL drop of Fusarium sp. suspension, which was
achieved by mixing all 11 isolates and adjusted
to 2x10° macroconidia mL"'; a mock inoculation
(only water) was also used, according to the
methodology described by Onyeka et al. (2005), with
modifications. The samples were maintained in a
moist chamber at 26°C and evaluated every two days
up to ten days after inoculation, to estimate the area
under the disease progress curve, and, ten days after
inoculation, to quantify the final lesion. The roots
were cut longitudinally and assessed to determine
the total area colonized by the pathogen on the root
pulp using photography and digital image analysis.
The lesion area was measured with the software
UTHSCSA ImageTool (University of Texas Health
Science Center, San Antonio, TX, USA).

Differences in the resistance level were determined
based on the area under the disease progress curve
and on the final lesion area obtained ten days after
inoculation. A completely randomized design was
used, with five replicates for each isolate and cassava
accession. The data were subjected to analysis
of variance, using the R software, version 2.15.1
(R Development Core Team, Vienna, Austria).
Pearson’s correlation test was conducted to evaluate
the associations between the area under the disease
progress curve and the final lesion area (F-LA) values.
Cluster analysis was carried out based on Mahalanobis

distance in order to classify the accession according
to resistance to root rot disease.

A strong positive correlation was observed
between the area under the disease progress curve
and the F-LA values at ten days after inoculation
(r=0.967, p <0.001). Due to its positive correlation
with the area under the disease progress curve, F-LA
was considered the most suitable variable for the
assessment of disease resistance because only a few
roots and replicates are needed.

Cluster analysis revealed the presence of five major
groups defined by F-LA at ten days after inoculation
(Figure 1). Group 1 contained the ten accessions
with the lowest F-LA values (<35 mm?), which were
classified as resistant. Within this group, the accession
with the lowest F-LA value was BGM 1518, with a
mean value of 18.28 mm?, followed by BGM 1586
and BGM 1589, with F-LA values of 20.75 and
22.81 mm?, respectively.

This group comprises some accessions with good
agronomic traits (Table 1). Half of them (BGM 1042,
BGM 1552, BGM 1586, BGM 1598, and BGM 1692)
had high agronomic potential in terms of fresh
root yield (>43.0 Mg ha') and starch yield (>12.0
Mg ha'); good multiplication rate, evidenced by
the number of cuttings per plant (>8.0 stakes);
and good harvest index (>50% from accessions
BGM 1692, BGM 1598, and BGM 1552). In contrast,
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Figure 1. Frequency of cassava genotypes in each class
of resistance, based on the final lesion area. R, resistant;
MR, moderately resistant; MS, moderately susceptible; S,
susceptible; ES, extremely susceptible.
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the remaining resistant accessions — BGM 1546,
BGM 1589, BGM 1518, and BGM 1491 — did not
show good agronomic characteristics, but can be used
in programs of recurrent selection to incorporate their
resistance genes into elite cassava varieties.

Group 2, with 88 genotypes, was considered
moderately resistant. This cluster contained
accessions that were resistant under field conditions,
such as cultivar BRS Kiriris (Fukuda et al., 2002),
with F-LA of 70.52. This is a great indicative of the
presence of resistance sources within the Brazilian
germplasm bank, considering the genotypes with the
lowest F-LA values (Figure 1).

A total of 128 genotypes with some level of
resistance, but larger F-LA values, varying from 71
to 112 mm?, was clustered into group 3 and classified
as moderately susceptible. Two commercial cultivars
used as standards, Caravela (F-LA = 72.31 mm?)
and Mani-Branca (F-LA = 111.63 mm?), were also
grouped into this cluster; both express intermediary
field resistance to root rot disease.

With F-LA ranging from 112 to 295 mm? the
susceptible cluster (group 4) comprised 119 genotypes.
Despite their different field behavior, four commercial
or traditional varieties were considered susceptible:
BRS Aipim Brasil, BRS Verdinha, Fécula-Branca,
and BRS Aramaris. Notably, 'BRS Aramaris'
(F-LA = 260.12 mm?) is considered resistant under
field conditions in Northeast Brazil (Fukuda et al.,
2002). The mean F-LA of the extremely susceptible
group (group 5), with 14 genotypes, was higher than
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295 mm?. BGM 1484 showed the lowest F-LA for
this group, of 315.27 mm?, whereas the highest F-LA
(1,096.1 mm?) was observed for accession BGM 556.

Diftferences on resistance reactions are expected in
experiments using wounding procedures; therefore,
resistance could be linked with pre-formed barriers
that prevent pathogen penetration such as biochemical
and structural compounds (Prusky & Keen, 1993).
This could explain why one genotype (BRS Aramaris)
showed good field resistance to root rot disease, but
was grouped together with susceptible varieties. The
same can be applied to the reaction of ‘BRS Kiriris’,
which was clustered as moderately resistant, but
expresses a resistant phenotype in the field.

No complete resistance was registered among the
germplasm accessions, although different degrees
of resistance were observed. In comparison, the
resistance to P. tropicalis, another cassava root rot
pathogen, has been reported to be controlled by QTL
(Alvarez et al., 2002): different degrees of resistance
were found for this causal agent, and it is possible
that the same occurs with Fusarium spp. Therefore,
the basis of the resistance to dry root rot must be
investigated.

Sources of genetic resistance to dry root rot,
caused by Fusarium sp., were found in the cassava
germplasm bank of Embrapa Mandioca e Fruticultura.
The resistance levels were sufficiently high, and the
superior genotypes could be used in the development
of new cassava populations, mainly the ten most
resistant to root rot disease, among which BGM 1042,

Table 1. The ten most resistant cassava genotypes of germplasm bank of Embrapa Mandioca e Fruticultura, their agronomic

traits!V and qualitative descriptors.

Genotype Origin F-LA FRY HI NS SY Morphological
(municipality, state) X LIOC LSIC X LIC LSIC X LIC LSIC X LIC LSIC descriptors®
BGM 0126 Unknown 29.83 - - - - - - - - - - LBR WH WH
BGM 1042 Tiangua, Ceard 3256 43.85 3247 5022 47.70 37.98 5244 834 7.81 1026 1234 890 1395 DBR PP WH
BGM 1491 Jaguarari, Bahia 27.99 450 10.85 4223 1837 2419 5329 137 7.01 1023 1.60 3.02 11.73 - - -
BGM 1518 Cafarnaum, Bahia 1828 33.09 19.14 40.07 48.62 3744 5485 9.06 823 1077 1118 635 1228 WH  YE CR
BGM 1546 Santa Maria da Vitoria, Bahia 33.91 14.50 9.73 3436 52.17 37.83 5895 516 6.54 936 342 218 987 - - -
BGM 1552 Angical, Bahia 25.17 50.04 34.02 5255 56.06 44.85 60.01 9.04 821 1075 13.83 9.18 1445 DBR WH  WH
BGM 1586 Ttaueira, Piaui 2075 44.61 23.56 4449 4466 3418 5159 1199 7.82 10.64 1261 651 1289 DBR PP CR
BGM 1589 Nazaré do Piaui, Piaui ~ 22.81 29.34 26.76 46.41 4328 4135 5756 7.57 846 11.13 651 714 1272 - -
BGM 1598 Barro Duro, Piaui 275 4546 3297 5156 50.03 3892 5415 9.1 857 11.12 1403 998 1526 WH  YE CR
BGM 1692 Gandu, Bahia 35.17 4391 3326 46.63 5681 4629 5696 10.98 10.53 1237 1244 9.06 1288 DBR  PI CR

(OFRY, fresh root yield; HI, harvest index; NS, number of stakes per plant; SY, starch yield per hectare. X, phenotypic means; LIIC and LSIC, lower and upper
limits of the confidence interval, respectively. ®Morphological descriptors measured as color. LBR, light brown; DBR, dark brown; WH, white; PP, purple;

YE, yellow; CR, cream; PI, pinkish. F-LA, final lesion area.
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BGM 1552, BGM 1586, BGM 1598, and BGM 1692
present the best agronomical traits.
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