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Abstract - The burrowing nematode Radopholus similis is among the most damag-
ing pathogens. Resistant plants are one of the most promising approaches for nem-
atode control, and knowledge of resistance and aggressiveness components is es-
sential to understand resistance genetics and developing new cultivars. Therefore,
this study aimed to assess the degree of resistance of eight banana accessions to
populations of R. similis to verify differences in the reproduction capacity between
nematode populations and to study the horizontal/vertical resistance and aggres-
siveness/virulence components of Musa spp. and R. similis pathosystem. The ac-
cessions 4249-05, 4279-06, Yangambi Km5, 0323-03, 0337-02, 1304-06, Borneo and
Grande Naine were inoculated with one of three R. similis populations from the
Brazilian states of Pernambuco, Distrito Federal, and Santa Catarina and kept in a
greenhouse. Accessions 4249-05, Yangambi Km5, 0323-03, and 4279-06 showed
different resistance levels, and the Pernambuco population had the highest repro-
ductive capacity. Using Griffing Model IV, evidence of vertical and horizontal resis-
tance was observed, with accessions 4249-05 and Yangambi km5 showing the high-
est levels of horizontal resistance.

Index terms: Capacity of reproduction, host-pathogen interaction, Musa spp.,
Radopholus similis.
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Resisténcia horizontal e vertical da bananeira
ao nematoide cavernicola depende do nivel de
agressividade ou da viruléncia da populacao do
nematoide

Resumo - O nematoide cavernicola, Radopholus similis, esta entre os patdégenos de banana
mais prejudiciais. Plantas resistentes sao uma das abordagens mais promissoras para o con-
trole de nematoides. O conhecimento de componentes da resisténcia e da agressividade
é essencial para entender a genética de resisténcia e para desenvolver novas cultivares.
Portanto, o objetivo deste estudo foi acessar o grau de resisténcia de oito acessos de ba-
naneira a populagdes de R. similis, verificar diferencas na capacidade de reprodugao entre
populacdes de nematoides e estudar os componentes de resisténcia horizontal/vertical e
agressividade/viruléncia no patossistema Musa spp. e R. similis. Os acessos 4249-05, 4279-
06, Yangambi Km5, 0323-03, 0337-02, 1304-06, Borneo e Grande Naine foram inoculados
com cada uma das trés populacdes de R. similis (Pernambuco (PE), Distrito Federal (DF) ou
Santa Catarina (SC)) e mantidos em casa de vegetacdo. Os acessos 4249-05, Yangambi Km5,
0323-03 e 4279-06 expressaram diferentes niveis de resisténcia, e a populagdao do nema-
toide de PE foi a que apresentou maior capacidade de multiplicacdo. Baseado no Modelo IV
de Griffing, evidéncias de resisténcia vertical e horizontal foram observadas, sendo que os
acessos 4249-05 e Yangambi km5 foram os que apresentaram maiores niveis de resisténcia
horizontal.

Termos para indexag¢ao: Capacidade de multiplicacdo, Interacdo planta/patdgeno, Musa
spp., Radopholus similis.

Introduction

Banana (Musa spp.) is the most popular
and widely consumed tropical fruit in the
world. Nevertheless, banana crops are af-
fected by a plethora of pests and diseases,
including plant-parasitic nematodes that in-
fect banana roots and lead to different con-
sequences, restricting fruit yield (MENDOZA
et al., 2008). Known as the burrowing nem-
atode, Radopholus similis (Cobb, 1893)
Thorne, 1949 is considered the most import-
ant plant-parasitic nematode to this crop
(GOWEN et al., 2005).

Burrowing nematode’s management in
large-scale systems has mainly been per-
formed by repeated application of nemati-
cides (GOWEN et al., 2005). However, using
these chemicals harms the environment and
the user’s health. More recently, nematode
control in banana plantations has includ-
ed other practices, such as micropropagat-

ed plants and crop rotation (QUENEHERVE,
2009). Breeding for resistance to nematodes
is an appropriate option for the sustainable
management of these parasites; neverthe-
less, few studies have covered banana resis-
tance to nematodes.

Few advances have been in breeding for re-
sistance to the burrowing nematode in ba-
nanas and plantains due to the genetic com-
plexity of Musa spp. and variability among R.
similis populations (HAEGEMAN et al., 2010;
COSTA et al., 2008). However, different cul-
tivars and wild hybrids have been tested for
nematode resistance (QUENEHERVE et al.,
2009).

Reactions of banana accessions to burrow-
ing nematodes depend on the aggressive-
ness of the nematode population, which is
linked to the reproductive capacity and vir-
ulence of such parasites. More aggressive
R. similis populations reproduce rapidly, se-
verely injuring banana roots. Various reports



have indicated direct correlations between
the number of burrowing nematodes in ba-
nana roots and root damage (FALLAS et al.,
1995; MARIN et al., 1999; MOENS, 2004;
SANTOS et al., 2013). Therefore, quantifying
R. similis population levels in roots may be
used to determine differences in aggressive-
ness among populations. Additionally, there
is a lack of information regarding resistance
mechanisms and plant-pathogen interaction.
Given this scenario, understanding how the
resistance alleles interact with pathogen’s
(a)virulence alleles is of the utmost impor-
tance for defining breeding strategies for re-
sistance (VAN DER PLANK, 1968).

The genetic basis of resistance to R. similis
in banana plants has not been established,
although some researchers have shown that
this characteristic is controlled by one or a
few genes (PINOCHET et al., 1998). Moens
et al. (2002) evaluated the progeny result-
ing from a cross between ‘Pisang Berlin’ and
‘Calcutta 4’ observed segregation of resis-
tance to R. similis. Dochez et al. (2009) as-
sessed the progeny resulting from a cross
between the diploid hybrids TMB2 x 6142-1
and TMB2 x 8075-7 and found that two dom-
inant genes controlled resistance, named A
and B, both with additive and interactive ef-
fects, by which the recessive bb suppresses
the dominant A. Moreover, genetic differ-
ences among R. similis populations in Musa
accessions have been detected by DNA
markers and phenotype evaluations (COSTA
et al., 2008; SANTOS et al., 2010).

Melo and Santos (1999) tested a modi-
fied version of Griffing model IV (GRIFFING,
1956) that provides simplified information
on horizontal and vertical resistance on the
host and pathogen virulence and aggres-
siveness. Therefore, the objectives of this
study were to evaluate the reaction of eight
contrasting banana accessions (4249-05,
4279-06, Yangambi Km5, 0323-03, 0337-02,
1304-06, Borneo and Grande Naine) to three
R. similis populations from different States/
District of Brazil: Pernambuco (PE), Distrito
Federal (DF), and Santa Catarina (SC), to de-
termine differences in reproductive capacity

between these nematode populations, and
to initiate the characterization of the com-
ponents of horizontal/vertical resistance and
aggressiveness/virulence in Musa spp. vs R.
similis pathosystem using the method de-
scribed by Melo and Santos (1999).

Materials and methods

Eight contrasting Musa accessions (Borneo,
Grande Naine, Yangambi Km5, 1304-06,
4279-06, 4249-05, 0323-03, and 0337-02)
were obtained from the germplasm bank
of the National Cassava and Tropical Fruits
Research Center of Embrapa (Brazilian
Enterprise  for  Agricultural Research).
Plantlets produced by tissue culture were
acclimated for three weeks in a growth
chamber (27-28 °C) with a 12-h photope-
riod, then transplanted into 1.5-L pots con-
taining an autoclaved mixture of oxysol and
sand (3:1). All banana accessions were pre-
viously evaluated with R. similis population
from Pernambuco State (PE) (9220°42.6"S,
40932'52.7”W) by Santos et al. (2013). They
were then reassessed with the same pop-
ulation (PE) and with two other R. similis
populations from the Distrito Federal (DF)
(15944’46.3"”S, 47°39’'36.4”W) and Santa
Catarina State (SC) (26942’'50.1”S, 48954’
36.6”W). The population from Pernambuco
was originally collected in Petrolina from
roots of a cv. ‘Pacovan’ bananas, while the
SC population was collected in Luis Alves
from roots of a cv. ‘Nanicao’ bananas. The R.
similis population from DF was collected at
Nucleo Rural Rajadinha from roots of Musa
coccinea Andrews and Heliconia spp. All R.
similis populations were identified based
on morphological and morphometric char-
acteristics, according to Cares and Andrade
(2006). The experiment was not repeated
once we reproduced the results previously
obtained by Santos et al. (2013), who used
the PE population, one of the three we used
in this study.

All three R. similis populations had been
maintained in ‘Grande Naine’ banana plants
(PE and SC) and Musa coccinea (DF) for four
months. Each population was multiplied in



the tissue culture of carrot cylinders for in-
oculation purposes (SANTOS et al., 2012).
Fifteen days after transplanting, the roots of
each plantlet of each Musa accession were
inoculated with 1 ml of suspension contain-
ing 400 juveniles, females, and males of R.
similis of one of the three populations men-
tioned above. Inoculated plants were main-
tained in 2-L pots (one plant per pot) in a
greenhouse at the Experimental Station of
Biology at the University of Brasilia in a com-
pletely randomized design with five repli-
cates for each accession for 60 days.

Sixty days after inoculation, nematodes were
extracted from the roots of each banana
plant and the soil using the adapted meth-
ods described by Coolen and D’Herde (1972)
and Jenkins (1964), respectively, to assess
the levels of the three R. similis populations.
The total roots of each plant were washed
and weighed before the extraction process.
Three replicates of 10 g of root and 100 cc
of soil were used to estimate the total num-
ber of nematodes in the total root system or
1.5 L of soil of each pot. After extraction, the
nematodes were counted using a stereomi-
croscope to determine R. similis population
levels per plant.

The reaction of banana to R. similis infection
was evaluated according to the reproduction
factor (RF) estimated for each replication
(‘RF’ is the ratio between the final and initial
population of nematodes), in which the final
population corresponds to the total number
of nematodes recovered from soil and root
system per pot. The analysis of the banana
reaction to the nematode followed the scale
of percent reduction on the RF (SASSER et
al., 1987), in which the accession with the
highest RF was considered the suscepti-
ble standard to data analysis (MOURA and
REGIS, 1987). The accessions Grande Naine
and Yangambi Km5 were included as suscep-
tible and resistant standards, respectively.
Variables such as the number of nematodes
per gram of root, the number of nematodes
per root system, the number of nematodes
in the soil, and the total number of nema-
todes (soil + roots) were determined.

The original data were converted to log (x)
for statistical analysis. To evaluate acces-
sion resistance, means were calculated and
compared by Tukey’s test (p < 0.01) after
analysis of variance in a factorial 3 x 8 us-
ing the SISVAR software (FERREIRA, 2008).
The RF was evaluated in each pathogen x
host combination with four replications per
treatment. Data analysis was performed
using a modified version of Griffing Model
IV in a partial diallel scheme described by
Geraldi and Miranda Filho (1988) (MELO and
SANTOS, 1999).

In its original version, partial diallel was pro-
posed to access the capacity of a combina-
tion of genitors distributed in two groups,
with inferences made for each group. In
the modified version used in this study, one
group is formed by the hosts and the second
group by the different pathogen isolates. The
goal is to evaluate the interaction based on
the general and specific capacity of patho-
gen x host interaction combinations.

Three analyses of variance and three evalu-
ations of general and specific combination
capacity were performed using the Genes
software (CRUZ, 2006). Considering the fixed
model, a scheme of partial diallel variance
involving a group of hosts and another group
of pathogen isolates (physiologic races) was
used (MELO and SANTOS, 1999).

Results and discussion

Analysis of variance showed significant dif-
ferences (p < 0.01) between accessions for
all variables considered (nematodes per
gram of roots, nematodes in roots, nema-
todes in soil, total nematodes, and repro-
duction factor), independent of nematode
population except for root weight. In the
same way, nematode populations were sta-
tistically different (p < 0.01) for the variables
tested, regardless of the banana accession
evaluated. Considering possible interactions
between different nematode populations
and banana accessions, there was a signifi-
cant difference only for the number of nem-
atodes in the roots.



The number of nematodes per gram of roots
ranged from 20 (‘Yangambi Km5’) to 130
(‘Grande Naine’). The lowest means were ob-
served in accessions 4249-05 and Yangambi
Km5, and the highest in Grande Naine, 0337-
02, and 1304-06. The total number of nem-
atodes in the accessions ranged from 490
(‘4249-05’) to 7730 (“1304-06’) (Table 1).

No nematode was found in soil in ‘1304-
06’ and ‘Grande Naine’, and only 11 were
associated with ‘Borneo’. Nonetheless, the
greatest numbers of nematodes found in
soil were recovered from ‘Yangambi Km5’,
‘0337-02', ‘4249-05’, and ‘4279-06’ (Table 1).
The RF ranged from 1.22 (‘4249-05’) to 14.32
(“1304-06’), with the lowest means found in
‘4249-05’ and ‘Yangambi Km5’ and the high-
est ones in ‘1304-06’ and ‘Borneo’. Based on
the percent reduction of RF (Table 1), from
eight accessions, two were classified as high-
ly susceptible (‘Borneo’; 13‘04-06’), two as
susceptible (‘Grande Naine’; ‘0337-02’), two
with low resistance (‘4279-06’; ‘0323-03’),
and two moderately resistant (‘Yangambi
Km5’; ‘4249-05’).

‘Grande Naine’ and ‘Yangambi Km5’ were
confirmed as standards of susceptibility and
resistance, respectively. The RF in ‘1304-
06’ and ‘Borneo’ surpassed the RF in the
standard of susceptibility (‘Grande Naine’);
therefore, they were considered highly sus-
ceptible, while ‘0337-02" had similar behav-
ior to ‘Grande Naine’. Among the accessions
with some degree of resistance, only ‘4249-
05’ had similar behavior to ‘Yangambi Km5’
(Table 1).

Radopholus similis from PE was the popula-
tion with the highest average values for the
variables, nematodes in roots, nematodes
per gram of root, total nematodes, and RF,
thereby confirming its high reproductive ca-
pacity. The population from SC had the low-
est means for all variables. The population
from DF had intermediate means for nema-
todes in roots, nematodes per gram of root,
total nematodes, and RF (Table 2).

Table 3 shows that ‘Yangambi Km5’, followed
by ‘0323-03’, ‘4249-05, and ‘4279-06’, re-
spectively, allowed the lowest number of
nematodes in the root system for the DF

Table 1. The reaction of banana accessions to three Radopholus similis populations based on a per-

cent reduction of the reproduction factor.

Accessions g,‘::ma;? f::tla Nematodes in soil®
1304-06 105¢ 0a

Borneo 72¢ 11ab
0337-02 104bc 168¢
Grande Naine 130c 0a
4279-06 38bc 116bc
0323-03 39bc 31ab
Yangambi Km5 20b 212¢
4249-05 27a 162bc

Total nematodes? RF? RRF/reaction
7730c 14.32¢ 0/HS
3437bc 13.29bc 7IHS
3048abc 7.62bc 4718
3024abc 7.55abc 4718
2411abc 6.02ab 58/LR
1688abc 4.21ab 71/LR
775ab 1.93a 87/MR
490a 1.22a 91/MR

2Means followed by the same letter in the same column are not statistically different by Tukey’s test (p < 0.01). RF (re-
production factor) = final population/initial population. Percentage reduction of the reproduction factor (RRF) = (100
— (RF x 100/14.32). Host reaction: MR = moderately resistant (76.0-95.0%); LR = low resistance (51.0-75.0%); S = sus-
ceptible (26.0-50.0%); HS = highly susceptible (0—25.0%) (SASSER et al., 1987).

Table 2. The effects of each Radopholus similis population on eight banana accessions.

Population (origin) g"::ma;? f:gtla Root weight (g)?
PE 161c 38a
DF 38b 28a
SC 12a 24a

Nematodes in soil* Total nematodes? RF2
171b 6289c 15.7¢
74b 1138b 2.85b
17a 341a 0.85a

2Means followed by the same letter in the same column are not statistically different by Tukey’s test (p < 0.01). RF =
reproduction factor, DF = Distrito Federal, PE = Pernambuco, SC = Santa Catarina.



population. Except for ‘0323-03’, the other
accessions had similar behavior when chal-
lenged by the SC population. The accession
4249-05 led to the lowest nematode number
for the PE population. When comparing the
nematode populations with respect to the
ability to multiply in the root systems of the
banana accessions evaluated, the PE popu-
lation achieved the highest numbers in the
roots of all accessions evaluated (Table 3).
Contrarily, the SC population had the lowest
counts in all accessions, except for ‘Borneo’.
The DF population appeared in moderate
numbers in ‘Borneo’, ‘0337-02’, ‘1304-06’,
and ‘Grande Naine’, and in lower numbers
in “Yangambi Km5’, ‘0323-03’, ‘4249-05’, and
‘4279-06'.

Table 3. Mean numbers of nematodes in the
root system of eight banana accessions inoculat-
ed with three Radopholus similis populations.

Populations
Accessions
DF? sce PE?
1304-06 1401 bcAB  309cdA 15479 bB
‘Borneo’ 1008 bcA 1229 dAB 8056 abB
‘Grande Naine’ 3670 bcB 411 cdA 4990 abB
0337-02 1034 bcAB  135bcA 7471 abB
4279-06 450 bAB 45abA 6388 abB
0323-03 275 bA 406 cdA 4290 abB
‘Yangambi Km5’ 9aA 0aA 1679 abB
4249-05 360 bAB 30 abA 595 aB

2Means followed by the same letter (lowercase) in the
same column are not statistically different by Tukey’s test
(p £0.01). Means followed by the same letter (uppercase)
in the same row are not statistically different by Tukey’s
test (p < 0.01). DF = Distrito Federal, PE = Pernambuco, SC
= Santa Catarina.

Diallelic analysis showed significant effects
of the general reaction ability (GRA) and the
general aggressiveness ability (GAA), indi-
cating variability for horizontal resistance on
the host and aggressiveness for the patho-
gen (Table 4). The specific interaction ability
(SIA) was significant (p < 0.01), indicating the
existence of interaction between nematode
populations and host accessions, which char-
acterizes vertical resistance. Nevertheless,
as listed in Table 4, horizontal resistance is
also indicated. Accessions with higher hori-
zontal resistance levels were ‘4249-05’" and

‘Yangambi kmb5’, and accessions with the
lowest horizontal resistance levels were
‘1304-06’ and ‘Borneo’ (Table 5). The PE pop-
ulation was the most aggressive compared
to the SC and DF populations (Table 6).

Table 4. Diallelic analysis and mean of nema-
tode reproduction factor evaluated in eight ba-
nana accessions inoculated with three different
Radopholus similis populations.

Source of variation ~ DF? MSs® Fe Prob.d

Treatments 23 361976 361976  0.01
GRA 7 276.945 276.945 0.01
GAA 2 1924219 1924219 0.01
SIA 14 181.313  181.313  0.01

Error 72 1

Mean 7.02

aDegree of freedom of the analysis of variance. ®Mean
square. ‘Freedom. 9Probability. GRA = General reaction
ability (horizontal resistance); GAA: general aggressive-
ness ability (aggressiveness); SIA = specific interaction
ability (interaction).

Table 5. Estimates of the effect of general reac-
tion ability (GRA) and relative horizontal resis-
tance (RHR) of eight banana accessions inoculat-
ed with three Radopholus similis populations.

Accessions GRA effect? RHR (%)°
1- 4249-05 -5.8 100

2- ‘Yangambi Km5’ -5.086 94.54
3- 0323-03 -2.806 77.14
4- 4279-06 -1 63.35
5- ‘Grande Naine’ 0.533 51.65
6- 0337-02 0.596 51.17
7- ‘Borneo’ 6.26 7.93
8- 1304-06 7.3 0

aNegative values mean the accession had a negative effect
over the reproduction factor (RF). ®°The RHR values were
obtained by interpolation based on numeric distance,
where -5.8 is 100% and 7.3 is 0%.

Table 6. Estimates of the effect of general ag-
gressiveness ability (GAA) and relative aggres-
siveness (RA) of three Radopholus similis popu-
lations and eight banana accessions.

Nematode population GAA effect? RA (%)°
3. Pernambuco (PE) 8.700 100
2. Distrito Federal (DF) -2.519 75.39
1. Santa Catarina (SC) -6.181 0

aNegative values mean the accession had a negative effect
on the reproduction factor. °The RA values were obtained
by interpolation based on numeric distance, where 8.7 is

100% and -6.181 is 0%.



The SIA values on each pathogen x host com-
bination allow inference on host vertical re-
sistance and pathogen virulence (MELO and
SANTOS, 1999). The SIA significance indi-
cates that the host horizontal resistance ex-
pressed by GRA and isolate aggressiveness
are insufficient to explain the nematode
reproduction factor variation. Different ba-
nana accessions behave differently when in-
oculated with distinct R. similis populations
and vice-versa. Therefore, SIA values are ef-
ficient indicators of the specific behavior of
each pathogen x host combination, allowing
the specific behavior of each host or each
nematode population to be studied in detail.

Figure 1 shows the SIA values among eight
banana accessions and three R. similis pop-
ulations. When a resistant host presents
little variation among SIA values, one can
state that, for this host, horizontal resistance
is more important than vertical resistance.
Therefore, one can compare each host’s be-
havior by analyzing SIA value variations. In
this study, it is possible to observe smaller
SIA variations in ‘Grande Naine’, ‘Yangambi
km5’, and ‘4249-05" compared to the other
five accessions. Thus, horizontal resistance
strongly affects ‘4249-05’ and ‘Yangambi

20 q
15 1

10 1

km5’. Accession 0323-03 had the most signif-
icant SIA variation; therefore, this accession
has a higher effect on vertical resistance.

Figure 2 shows SIA variations of each nem-
atode population regarding the eight ba-
nana accessions. The PE population showed
the most significant variation in SIA values,
indicating higher variations of this isolate’s
response to the banana accessions than the
other isolates. It is also possible to affirm
that the PE population shows the highest in-
teractive effect with accession 0323-03, one
of the resistant accesses to the DF and SC
nematode populations. The PE population
has a higher SIA value when infecting the ac-
cession 0323-03, indicating that this popula-
tion is the most aggressive to this accession.

The banana accessions evaluated in this
study expressed different levels of resis-
tance. In some cases, the results showed that
the three R. similis populations had different
reproduction capacities in the same Musa
accession. By considering different levels of
resistance added to the different capacities
of nematode reproduction, evidence of ver-
tical and horizontal resistance was observed
based on Griffing Model IV.

Accessions

——4249-05
-8-Yangambi Km5
-8-0323-03
—x—4279-06

SIA
=

-10 4 sC DF

Populations
-15 4

220 A

-0 Grande Naine
——0337-02

-~ Rorneo
—-134-06

PE

Figure 1. Specific interaction ability (SIA) of eight banana accessions inoculated with three

Radopholus similis populations.
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Figure 2. Specific interaction ability (SIA) of three Radopholus similis populations inoculated in eight
banana accessions (1 - 4249-05, 2 — ‘Yangambi Km5’, 3 - 0323-03, 4 - 4279-06, 5 — ‘Grande Naine’,

6 - 0337-02, 7 — ‘Borneo’, and 8 - 1304-06).

In addition to confirming that the eight ba-
nana accessions evaluated had different re-
actions to parasitism by three different R.
similis populations, significant differences in
the reproductive capacity among the three
nematode populations evaluated were also
observed. This was evident when data from
the eight accessions and three burrowing
nematode populations were pooled. The
PE population had the highest reproduction
rate, which corroborates Costa (2004), who
demonstrated that the PE population used
in his study was among the most aggressive
of the 12 populations evaluated from Brazil,
Australia, Costa Rica, and Cuba. According to
the author, except for having the highest RF,
the PE population induced higher percent-
ages of injured areas on the roots of banana
plants and caused one of the highest per-
centages of dead roots.

As a result of this study, the SC population
had the lowest RF; this contrasts with the
results of Costa (2004), who evaluated oth-
er R. similis populations from SC (also from
Luis Alves County) and noted that the popu-
lation had high reproduction rates. However,
the later population was less aggressive and

caused less damage to banana rhizomes. It
also emanated from this study that the R. si-
milis population from DF occupied an inter-
mediate position regarding its reproductive
capability. Differences between R. similis
populations were also confirmed in molec-
ular studies (ELBADRI et al., 2002; COSTA et
al., 2008). Therefore, the difference in the
reproduction capacity between the three
populations in this study was expected.

Nevertheless, all accessions had an RF high-
er than 1, and ‘Borneo’, ‘1304-06’, ‘Grande
Naine’, and ‘0337-02" were classified as high-
ly susceptible to R. similis using the scale of
Sasser et al. (1987). The accessions 1304-
06 and Borneo were previously classified as
susceptible to R. similis (COSTA et al., 1998;
QUENEHERVE et al., 2009; SANTOS et al.,
2013; WEHUNT et al., 1978).

The hybrid 4249-05, classified as moderate-
ly resistant, has two accessions in its back-
ground (i.e., ‘M48’ and ‘M53’), which origi-
nate from Jamaica and have been used as
a source of resistance to various pathogens
(SILVA et al., 1998). Gowen (1976) found that
the accession M48 was not a good host to
R. similis, nor Helicotylenchus multicinctus



(Cobb, 1893) Golden, 1956. Additionally,
the hybrid 4279-06, which is considered to
have low resistance, in addition to having
‘M53’ as the female parent, has ‘Calcutta
4’ as ancestral, which has also been con-
sidered resistant to nematodes in previous
studies (CARLIER et al., 2003; SANTOS et al.,
2013). Santos et al. (2013) evaluated 26 ba-
nana accessions to an aggressive R. similis
population and obtained similar results for
accessions 4249-05 and 4279-06, which are
classified as highly resistant and resistant,
respectively. However, in our study, these
accessions showed higher numbers of nem-
atodes in soil and roots, a greater number of
nematodes per gram of root, and a higher
reproduction factor.

The accessions 0323-03 and 0337-02 have
‘Calcutta 4’ as female parents, although only
the first accession expressed some degree of
resistance in the present study. Previously,
both accessions were classified as resistant,
despite using only a single R. similis popula-
tion and lower initial inoculum (SANTOS et
al., 2013).

According to partial diallelic analysis, there
is a high probability of horizontal and verti-
cal resistance occurring among the acces-
sions tested since the calculated GRA and
SIA were statistically significant. Evidence
of horizontal resistance was observed in ac-
cessions such as ‘4249-05" and ‘Yangambi
Km5’ because they did not allow abundant
reproduction of more than one of the nem-
atode populations, suggesting the possibility
of durable resistance in this pathosystem. In
variance analysis, the highly significant inter-
action between races and cultivars indicates
that the reaction of each cultivar is specific
to a particular race. Similarly, the interaction
in the current study can indicate vertical re-
sistance. Nonetheless, the absence of inter-
action shows that the cultivars react similar-
ly to distinct races, which means they differ
in horizontal resistance but not vertical resis-
tance (VAN DER PLANK, 1968). Nonetheless,
the two types of resistance may occur in the
same pathosystem, as shown previously in
rice and Xanthomonas oryzae (Ishiyama) pa-

thosystem (SWINGS et al., 1990; PARLEVLIET,
1981).

Indication of vertical resistance was shown
according to SIA calculated for ‘0323-03’,
which shows a high level of resistance, al-
though it seems to have a high interaction
with the PE population. However, ‘0323-03’
was also a stronger horizontal resistance ef-
fect based on the GRA. Pinochet et al. (1998)
evaluated the genetic basis of R. similis re-
sistance in banana plants and suggested that
resistance is controlled by one or few genes.
Dochez et al. (2009) assessed the progeny of
diploid banana hybrids TMB2 x 6142-1 and
TMB2 x 8075-7 and found that resistance is
controlled by two dominant genes, A and B,
both with additive and interactive effects, by
which the recessive bb suppresses the dom-
inant A.

The difference in aggressiveness was also
confirmed by the diallelic analysis, as evi-
denced by a high significance of the gener-
al aggressiveness ability. The PE population
had the highest aggressiveness among the
R. similis populations tested. This popula-
tion has shown a high RF in ‘Grande Naine’
and ‘Pisang Jari Buaya’, with a median rate in
‘Yangambi Km5’ (COSTA, 2004). Considering
the data obtained by Costa et al. (2008),
populations from Pernambuco and Santa
Catarina States present a relevant genetic
distance based on the complementation of
the Nei and Li similarity coefficient, as calcu-
lated using RAPD markers.

This study contributes to investigating the in-
teraction between Musa spp. and R. similis
using the diallelic analysis method. Future
investigations involving a larger number of
nematode populations and banana acces-
sions should be conducted to properly un-
derstand pathogen x host interaction and ge-
netic resistance in order to support the iden-
tification of possible pathogen physiological
races.

Conclusions

Accessions 4249-05, Yangambi Km5, 0323-
03, and 4279-06 expressed some degree



of resistance to R. similis, thereby having
the potential to be considered for future
breeding programs aiming to control the
nematode. Additionally, these accessions
seem to have high levels of horizontal re-
sistance, and evidence of vertical resistance
occurred among the accessions, with 0323-
03 showing some interaction with the PE
population.

There is a gradient of reproduction capaci-
ty among the populations of R. similis eval-
uated (PE > DF > SC), indicating that the PE
population is the most aggressive and SC the
least aggressive. Interaction between the re-
production capacity of the nematode with
each accession resulted in different host
reactions to the various populations of the
pathogen. Thus, accessions with some de-
gree of resistance may react with less dam-

age when parasitized by a less aggressive
R. similis population. Despite our promising
findings, it is critical to conduct preliminary
tests to assess the aggressiveness of nema-
tode isolates before assessing the reaction
of accessions of interest.
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