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Phenotypic evaluation of the resistance in F1 carnation populations
to vascular wilt caused by Fusarium oxysporum {.sp. dianthi

Evaluacion fenotipica de la resistencia a Fusarium oxysporum
f.sp. dianthi en poblaciones F1 de clavel

Johana Carolina Soto-Sedano’, Myriam Judith Clavijo-Ortiz', and Juan José Filgueira-Duarte’

ABSTRACT

One of the most important phytosanitary problems of the
carnation crops in Colombia and in the entire world is vas-
cular wilting produced by Fusarium oxysporum f.sp. dianthi.
Currently, an effective treatment against the pathogen does not
exist; the search for resistant varieties has been the most suc-
cessful method for control of this disease. Breeding programs
are vital to solving the problem of the carnation fusariosis.
The objective of this research was the phenotypic evaluation
of carnation F1 populations, products of contrasting crossing,
resistant per susceptible to F. oxysporum f.sp. dianthi, in order
to determine if the resistance is inherited in the lines. This
information will contribute to the selection of material and
to the successful introduction of the resistant characteristic,
whose expression is commercially acceptable, to the gene pool.
The methodology adopted was a phenotypic evaluation of the
response to the parasite in the population (450 individuals)
and in the parental. This evaluation estimated the area under
the curve (AUDPC), using a scale of symptoms reported for
carnation vascular wilt. Three different phenotypes were es-
tablished with this evaluation. The moderately susceptible one
is the predominant phenotype and an analysis of phenotypic
frequencies was carried out on it. The results show that the indi-
viduals of the evaluated F1 population were distributed between
two extreme ranges, resistant and susceptible; this shows that
there is segregation for the trait resistant to F. oxysporum f.sp
dianthi. We did not observe clearly differentiated classes, i.e.
with complete absence or presence of the disease, indicating
a possible control of the resistance in the evaluated carnation
material, governed by more than one gene and with a possible
additive genetic action.

Key words: Dianthus caryophyllus, AUDPC, vascular wilt,
polygenic.

Uno de los problemas fitosanitarios de mayor importancia
para los cultivadores de clavel en Colombia y el mundo, es la
marchitez vascular del clavel producida por Fusarium oxyspo-
rum f.sp. dianthi. En la actualidad no existen métodos eficaces
para el control de este patdgeno, sélo la bisqueda de variedades
resistentes ha sido el método mas eficaz para el control de
esta enfermedad. Los programas de fitomejoramiento tienen
gran importancia en la solucion del problema de la fusariosis
en clavel. Asi, el objetivo de esta investigacion, fue evaluar
fenotipicamente poblaciones F1 de clavel, producto entre cruces
contrastantes, resistente por susceptible a F. oxysporum f.sp
dianthi, con el fin de profundizar en el modo en que se hereda
la resistencia en las lineas. Esta informacion contribuird en la
seleccion del material comercial y a la exitosa introduccion del
caracter de resistencia dentro del pool de genes cuya expre-
sién determine caracteristicas comercialmente aceptadas. La
metodologia const6 de una evaluacion fenotipica de la respuesta
al patdgeno, de las poblaciones (450 individuos) asi como de
sus parentales. Esta evaluacién se realizo estimando el drea
bajo la curva del progreso de la enfermedad (AUDPC), usando
una escala de sintomas reportada para la marchitez vascular
en clavel. Con esta evaluacion, se establecieron tres fenotipos
diferentes, siendo medianamente susceptible el predominante y
se realiz6 un analisis de frecuencias fenotipicas. Los resultados
muestran, que los individuos de las poblaciones F1 evaluadas,
se distribuyen entre los dos rangos extremos, resistente y sus-
ceptible, asi como en el rango intermedio de medianamente
susceptible, mostrando que hay segregacion para el rasgo de
resistencia a F. oxysporum f.sp dianthi. No se present el caso
de clases claramente diferenciable como ausencia o presencia
total de la enfermedad, este hecho presume un posible control
de la resistencia en el material de clavel evaluado, gobernado
por mas de un gen y con una posible accion genética aditiva.

Palabras clave: Dianthus caryophyllus, AUDPC, marchites
vascular, poligénia.

Introduction

Colombia has a great tradition in flower production and is
the second largest exporter of cut fresh flowers in the world,
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after Holland, and the largest in the case of the carnation
(Salinger, 1991; Asocolflores, 2011), thanks to the weather
conditions and labor costs (Pizano, 1987). Of the total
cultivated flower area in the country, 18% corresponds to

Faculty of Science, Universidad Militar “Nueva Granada”. Bogota (Colombia). juan.filgueira@unimilitar.edu.co

Agronomia Colombiana 30(2), 172-178, 2012

25/01/13 3:08



the carnation; and the principal countries of importation
of this flower are the United Stated, Japan and Holland
(Asocolflores, 2011).

Carnation crops have been threatened for decades by the
most limiting disease, vascular wilt, caused by Fusarium
oxysporum f.sp. dianthi (Prill and Delacr) W.C. Snyder
and H.N. Hansen. The loss caused by this disease may
exceed 10% of total production. Chemical management
is expensive and inefficient. The most successfully form to
address the problem is the cultivation of resistant variet-
ies, obtained by traditional breeding methods (Arbeldez,
1987; Filgueira, 2009). So, the crop of resistant varieties
in our country will produce an important reduction of
production costs and avoid losses by the disease (Filgueira,
2011).

At the world level, Fusarium pathogens have increased
in importance, putting flower-growers and growers in
general on alert, because these pathogens have expanded
their range of hosts and developed resistance to chemical
treatment (Abeywickrawa and Beal, 1992).

Depending on the host that is attacked by F. oxysporum,
the resistance of plants can be controlled by a simple gene
(monogenic), by a few genes (oligogenic), or by multiple
genes (multigenenic), (Berrocal-Lobo and Molina, 2007).
In the particular case of a host affected by F. oxysporum,
different types of inheritance have been described, mono-
genic and polygenic; and different resistant genes on dif-
ferent crops, including the tomato, melon, cucumber and
kidney beans (Michielse and Rep, 2009).

Knowing that the resistant type depends on the vegetal
material, the objective of this study was to determinate
the form in which the resistance is inherited in lines of
carnation, in our breeding program; in order to guide
the adequate selection of proposed crosses to introduce
genetic resistance to vascular wilt into the gene pool,
whose expression determines accepted commercial char-
acteristics. Likewise, this knowledge will contribute to
future studies, which could address the identification and
location of genes involved in resistance to F. oxysporum
f.sp. dianthi in the carnation.

Knowledge of the genetics and inheritance of carnation
resistance to F. oxysporum f.sp. dianthi will be a useful tool
in the breeding program of the Molecular Phytopathology
Group of Universidad Militar Nueva Granada (UMNG).
The principal target of the carnation breeding program is
to obtain commercial plants resistant to Fusarium.

Material and methods

Biological material

We used three F1 populations of carnation, each one with
150 individuals, corresponding to contrasting crosses,
between resistant parental plants (R) and susceptible plants
(S) to F. oxysporum f.sp. dianthi. These population were:
Kaly (S)(?) x Candy (R)(), UM503 (R)(?) x UM226 (S)
(@), and Candy (R)(¥) x UM226 (S)(3); representing the
different possible combinations of the material in the car-
nation breeding programs of the UMNG.

The resistant and susceptible characteristics of the com-
mercial carnation varieties Kaly and Candy and the lines
UM503 and UM226 were used as parental lines and all of
them were evaluated in greenhouse and laboratory condi-
tions (Soto et al., 2009).

The F. oxysporum f.sp. dianthi inoculums that we used for
the evaluation were obtained from commercial carnation
plants; we used these inoculums to produce a monosporic
culture, following the methodology described by Soto et
al. (2009).

Parental response evaluation of the

F1 population to vascular wilt

The response evaluation of the parental and F1 populations
to F. oxysporum were observed simultaneously in all pa-
rental and for all the plants of the F1 populations. For the
evaluation of the parental, we took 30 plants (clones) of each
commercial variety and parental line. For the evaluation of
the F1 population, we took three plants (clones) of each one.

After 4 weeks, we inoculated them through immersion of
the root for 30 s in a conidial suspension with a 1-10° co-
nidia/mL concentration, from the monosporic isolate of F.
oxysporum f.sp. dianthi. Once we inoculated the cuttings,
the plants were planted in 8 oz plastic cups, in a substrate
mix of sterile soil and rice hulls (3:1).

For the negative control, 30 plants (clones) were taken of
each parental line and three plants (clones), for each one
of the F1 populations. These plants were submerged at the
same time in sterile distilled water (SDW). Simultaneous to
the F1 evaluation, a test was done to control infection and
invasion by the pathogen. It consisted on the inoculation of
20 root cuttings of the susceptible Kaly commercial variety
(with the same methodology and conditions). Each week,
we took a plant at random; from this plant, we registered
the internal and external symptoms and we reinsulated
the pathogen. All the work was done under greenhouse
conditions, keeping the sequence, tracking climate and
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temperature conditions and relative humidity. Irrigation
was done using micro filter and UV treated water and
fertilization was done using pre-established carnation
management plans.

Characteristic vascular wilt symptoms were evaluated one
week after the inoculation, every 7 d for 18 weeks, according
to the following symptoms scale (modified by Cevallos et
al., 1990; Arbeléez et al., 1993; Benavides et al., 1995): 0,
healthy plants without symptoms; 1, plants with symptoms
of turgor loss; 2, plants with yellowing symptoms; 3, plants
with severe wilting; 4, dead plants. When the time of symp-
tom registration was finished, the pathogen was isolated
from each inoculated plant to corroborate plant infection.

With the registered symptoms and using the severity
scale over the time of the experiment, the area under the
disease progress curve (AUDPC) was calculated using this
equation (1).

AUDPC =5(X, +X , )/2) x (T .- T, (1)
where i=1, Ti= No. days between inoculation and the
sampling date, X = the rating using the symptoms scale,
(Tq, - T) = time in days between two readings, (Jeger y
Viljanen-Rollinson, 2001). With the data for the AUDPC for
each parental and each F1 plant, as well as with the detailed
observation of the symptoms over time, the phenotypes
were established in ranges using frequency analysis.

Finally, a variance analysis (ANOVA) was carried out
between the AUDPC values obtained in the evaluation
of F. oxysporum in the F1 population, with the purpose
of establishing whether there were significant differences
between them. Then, a genetic analysis of the resistance was
performed; the normality distribution of the segregation
characteristic was evaluated using the phenotypic frequen-
cies and a Shapiro Wilks test of data normality.

Results and discussion

The infection and invasion of the positive control by the
pathogen, showed that the infection and the invasion,
occurred successfully after the inoculation, because the
pathogen was isolated from plants of the Kaly variety
which is the commercial, susceptible plant, corroborating
the pathogenicity of the Fusarium used in the evaluation.

In the evaluations of the response to vascular wilt in
parental and F1 population, different categories of symp-
toms were identified that describe the fusariosis disease
in the carnation (Cevallos et al., 1990; Arbeldez et al,,
1993; Benavides et al., 1995). The phenotype evaluation
was based on the symptom scale and on the register of
the biological response of the different materials to the
pathogen, in order to establish possible phenotype ranges
in the population.

Some plants of the population presented category 3 in the
severity scale, surpassing the wilting level but they did not
reach level 4, or dead. In this case, plants with unilateral
wilt were observed. The wilt in other reports was attributed
to a response of the plant to occlude and limit the advance
of the pathogen with gels (Beckman and Halmos, 1962;
Misaghi et al., 1978; Baayen, 1986).

Baayen (1986) showed that in moderately susceptible va-
rieties of the carnation, there could be regeneration of the
vascular tissue, after inoculation, infections and symptoms
of wilt produced by F. oxysporum. Those events would be
related to the resistant response in the Fusarium-carnation
interaction.

The results of the estimation of the AUDPC in the evalu-
ation of the parental lines, showed values of the AUDPC
between 34 and 37 for the resistant parental lines, with
presented AUDPC values between 0 and 3 for the particular
case of the UM503 line (Tab. 1). Meanwhile, the negative

TABLE 1. Weekly monitoring of the parental lines, response to vascular wilt, across the register of symptom categories and estimation of AUDPC. 0,
healthy plant without symptoms; 1, plant with symptoms of turgor loss; 2, plant with yellowing symptoms; 3, plant with symptoms of sever wilt;

4, death of plant.

Week of symptom observation

Parental AUDPC Characteristic
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Kaly oo o0 o0 1 1 1212 12 12 12 1-2-2 1-2-3 1-2-3-4 37

ladyGreen 0 0 O 0 O 1+ 1 1 12 12 12 1-2-3 1-2-3 1-2-3 1-2-3-4 34 Susceptible

UM 226 oo o0 o0 1 1 12121212 12 12 123 123 123 1-2-3 1-2-3-4 34

UM 503 00 0 0 O0OO0OTO0OC OC O O O 0 0 0 0 1 0 0 3

Candy o 0 0o 0000 0 0 0 O 0 0 0 0 0 0 0 0 Resistant

Bagatel o 0 00 0o 00 0 0 0 O 0 0 0 0 0 0 0 0

174 Agron. Colomb. 30(2) 2012

25/01/13 3:08



controls showed AUDPC values of zero, which present no
symptoms related to the vascular wilt.

The symptoms began to be evident in the susceptible pa-
rental lines, starting with the 5% week of evaluation. The
death of the plants was seen at the 14™ week (Tab. 1). The
time in which the symptoms were present, both in parental
plants and in the three evaluated populations, was variable,
which shows that there is a varietal reply in the pathogen
response. The time of evaluation of the symptomatology
(18 week) and also the size of the three populations evalu-
ated (150 plants each) allowed us to find a wide variety of
situations, from plants that did not present any symptoms
to plants that died from vascular wilt.

From the observation and detailed tracking of the symp-
tomatology over time, for each plant of the three evalu-
ated populations, the phenotype ranges were estimated as
resistant (R), moderately susceptible (MS) and susceptible
(S). In the range R, plants that at the end of the symptom
register time did not present any symptoms were placed. In
the range MS, plants that presented symptoms in numbers
one and two were placed. And finally, in the range S, the
plants that presented symptoms in numbers 3 and 4 were
placed, namely wilting and death. The AUDPC information
of each plant of the different evaluated populations was
used to support each phenotypic range (R, MS and S) for
each population. These ranges describe the phenotypes of
vascular wilt response that are evident in the populations
across the symptomatology, and the time in which those
symptoms are present.

The results of the evaluations of vascular wilt response for
the population from the KalyQ x Candyd' cross, showed
that the first symptoms were evident at the 2™ week of
evaluation; while, week 8 was the average time in which
the symptomatology in the susceptible plants was evident.

Of 150 plants, 19 were in the range R, 47 in the range S, and
the main proportion, 84 plants; were, in the range MS. The

pattern of segregation in the population from the Kaly$ x
Candyd cross was 0.13R: 0.56MS: 0.31S (Tab. 2).

According to the results, it was observed that the phenotype
is distributed in the two extreme ranges, resistant and sus-
ceptible, and also in the intermediate range of moderately
susceptible, showing that segregation for the resistance
characteristic to F. oxysporum f.sp. dianthi exists.

The frequency analysis of the AUDPC for the different
populations produced three intervals which are based on
the range of the set of values of AUDPC. The use of AUDPC
has increased and it is recommended when the phenology
or host growth does not determinate the increase of the
disease progress (Jeger and Viljanen-Rollinson, 2001).
Likewise, the estimation of AUDPC has different applica-
tions in evaluation of resistance levels in the field, and also
in the evaluation of quantitative resistance in different
pathosystems (Das et al., 1992; Singh, 1993; Birhman and
Singh, 1995; Ma et al., 1995; Broers et al., 1996; Jeger and
Viljanen-Rollinson, 2001), in particular for F. oxysporum
investigations on watermelon (Perchepied and Pitrat, 2004;
Navas et al., 2000) and the carnation (Cooke, 2006; Ben-
Yephet, 1996).

Table 3 shows the AUDPC behavior for the population from
the Kaly® x Candyd cross. In this case, of 150 plants, 46
were in the low interval with a value of 8.5, 55 plants were
placed in the middle interval with a value of 25.5 and 40
plants had a media value for AUDPC of 42.5 (Tab. 3).

The distribution of the plants in the media value intervals
for AUDPC, presented a high similarity with the results
obtained in the evaluation of the response to vascular
wilt, based on the phenotypic ranges. In both cases, the
main proportion of the plants was placed in the intervals
of AUDPC with a media value of 42.5 and (MS) moderate
susceptible plants for the evaluation of phenotype ranges.
The rest of the plants were at the end intervals, showing
that the distribution of the phenotype response to vascular

TABLE 2. Phenotypic evaluation of the resistance to £ oxysporum f.sp dianthi, in F1 populations of carnation, based on phenotypic ranges with the
observed phenotype proportions, R= resistant, MS= moderately susceptible and S= susceptible.

Population Phenotype range Plants (150) Phenotype proportions (150 plants)

R 19

Kaly® (S) x Candyd (R) MS 84 0.13R: 0.56MS : 0.31S
S 47
R 21

CandyQ(R) x UM2267 (S) MS 89 0.14R: 0.59MS : 0.27S
S 40
R 10

UMB503Q(R) x UM2262(S) MS 105 0.07R: 0.7MS: 0.23S
S 35
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wilt, presents a tendency toward a normal distribution for
the population from the Kaly® x Candyd cross, these
results made a curve with a media value in the peak and
values in the ends.

Likewise, in that population, it was observed that some
plants present a more susceptible phenotype compared
with the susceptible parental, estimated across the AUDPC.
The susceptible parental was Kaly with an AUDPC of 37, of
the 150 plants that were evaluated, 28 presented a higher
AUDPC, the highest value was 51.

In the population of plants obtained from the cross Candy?
x UM226d, the first symptoms were presented in the 4th
week of evaluation. The 8" week was the average time in
which the symptomatology in the susceptible plants was
evident, this characteristic was presented in a similar way
in the population from the cross Kaly9 x Candyd. From
this population, of 150 plants, 21 plants were in the range
R, 40 plants in the range S and 89 plants with the highest
proportion in the range MS. The pattern of segregation for
this population was, 0.14 R: 0.59 MS: 0.27 S (Tab. 2).

In a similar way as the population from the cross Kaly9
x Candyd, the population form the cross Candy? x
UM226J had plants that were distributed in the intervals
resistant and susceptible and also in the middle interval
MS. This distribution also showed segregation for the
characteristic of resistance to Fusarium.

The AUDPC analysis on the progeny from the cross
CandyQ x UM2267 gave the following results: from this
population, 43 plants were in the lower interval with a
media value of 8.5, 70 plants were in the middle interval
with a media value of 25.5 and finally 37 plants were in the
interval with a media value of 42.5 (Tab. 3).

The similitude between the normal distribution for the
AUDPC of the plants in the population and the result of

the evaluation of the response to vascular wilt based on
the phenotypic ranges is also conserved for the popula-
tion from the cross Candy? x UM226J. Likewise, in
this population, we also observed that some of the plants
showed a phenotype more susceptible compared with the
susceptible parental, which in this case was UM226; this
was measured thought the AUDPC.

The media value for the AUDPC of the susceptible parental
UM?226 was 34 and this value was also the upper limit in
the evaluation of the progeny and it correlated with the MS
phenotype and also the lower limit of this study correlated
with phenotype S. Likewise, in the evaluation of the plants
progeny, there were higher values of AUDPC in 39 plants
of 150 in the population, with a maximum AUDPC of 51.

Finally, in the population from the cross UM5039 x
UM2264, the first symptom presented in the 3" week of
evaluation, and week 6 was the average week for the onset
of symptoms; therefore, this cross presented symptoms
earlier. Of the 150 plants of this population, 10 plants were
intherange R, 35 plants in the range S, and 105 plants in the
range MS; the segregation pattern of the population from
the UM5039 x UM2267 cross was 0.07R:0.7MS:0.23S. Of
the three populations, this last one presented the highest
number of plants with the phenotype MS (Tab. 2).

The population from the UM5039 x UM?226 cross pre-
sented a distribution of the plants in the ranges R and S
and a higher part of the population was placed in the MS
range in the same way as the populations from the Kaly?
x Candyd cross and the Candy® x UM226 cross. This
showed again that there is segregation for the resistance
characteristic to F. oxysporum f.sp. dianthi.

The analysis of the AUDPC on the progeny from the
UM503% x UM226 cross, showed that the amplitude of
the three intervals had a value of 18, the lower value for
AUDPC was 0 and the highest was 53. For this population,

TABLE 3. Phenotypic resistance evaluation to £ oxysporum f.sp. dianthi in F1 carnation, populations based on the analysis of frequencies for the

AUDPC variable.
Population Lower limit Upper limit Media value AUDPC F’eq"e"°¥a(npg':)'“s/ 1501in

0 17 85 46

Kaly© (S) % Candyd (R) 17 34 255 55
34 51 25 49

0 17 85 43

CandyQ(R) x UM2264 (S) 17 34 255 70
34 51 25 37

0 18 88 30

UM503Q(R) x UM2264(S) 18 35 26,5 72
35 53 442 48
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30 plants were in the lower interval, with a media value of
8.8, 72 plants where in the middle interval with a media
value of 22.5, and 48 plants were in the interval with a
media value of 44.2 (Tab. 3).

The similitude between the normal distribution of the
plants in the intervals obtained from the media values
for AUDPC, and the result of the evaluation of vascular
wilt response, based on phenotypic ranges, was again
conserved for the cross UM503% x UM2264. Likewise, in
this population, it was observed that some plants showed a
more susceptible phenotype, compared with the susceptible
parental, in the UM226 case. The value of AUDPC of the
susceptible parental UM226, was 34 and in the evaluation
of the progeny, some plants presented values of AUDPC
higher than 49 with a maximum AUDPC value of 53.

The population from the UM5039 x UM226J cross
showed that some of the plants had a AUDPC value lower
compared with the resistant parental, in this case UM503,
with a AUDPC value of 3; therefore, there were plants in
the progeny, with a more resistant phenotype than the
resistant parental.

None of the control plants showed a symptom related with
vascular wilt, and the isolation of the pathogen from all
the inoculated material, including the three repetitions,
controls and parental lines at the end of the register time,
corroborated the entry of the pathogen into the plants that
were symptomatic.

The analysis of variance, established significant differences
in the AUDPC variable, between the different individuals
in each population and also that, between the three F1
populations, significant differences does not exist. This
suggests that although the parental origin is not the same,
since Kaly and Candy are standard commercial type va-
rieties and UM226 and UM 503 are lines produced by the
cross between commercial parental, the obtained popula-
tions share the same response tendency, to F. oxysporum
f.sp. dianthi.

The distribution of the segregation of the characteristic
in the phenotype frequencies for the three populations
presented a normal distribution tendency, as well as, the
tendency of the AUDPC in the Shapiro Wilks test, which
was significant, with values of 0.92 for the population from
the KalyQ x Candyd cross; 0.76 for the Candy Q@ x UM2267
cross and 0.91 for the UM5039 x UM226{ cross.

Animportant characteristic seen in the results of the evalu-
ation of the F1 populations was that part of the progeny is

out of the AUDPC range of the parents. This characteristic
is known as transgressive segregation in the literature. In
this case, plants of the F1 populations presented AUDPC
values higher than the susceptible progenitor (Tab. 1 and 3).

It is known that when the inheritance of a trait is governed
in a qualitative way, the phenotypes of the individuals
are easily distinguishable in two different classes. For the
case of resistance, they would be resistant and susceptible.
However, characteristics that are controlled by multiples
genes cannot be classified into simple classes (Agrios, 2005;
Brown and Caligari, 2007).

The genetics of the inheritance of resistance in the carnation
have been little explored. There are only some published
studies that had the intention to deepen the knowledge
of the genetics of this pathosystem. The first of them cor-
responds to the work of Sparnaaij and Demmink (1977),
they proposed that resistance to F. oxysporum f.sp. dianthi
raze 2 is polygenic and additive.

In addition, Bayeen et al. (1966) and Scovel et al. (2001),
worked with populations, produced by the cross of dif-
ferent populations, they proposed that the inheritance
of resistance in the carnation is additive and at least two
genes exist.

An investigation developed in Spain for carnation crops
evaluated populations, generated by crossing susceptible
and resistant varieties, proposed that resistance in the
carnation is produced by several genes but is only ex-
pressed when all of them are heterozygote for the allele that
produces the resistance, and susceptibility is determined
by the presence of one or more homozygote recessive loci
(Arus et al,, 1992).

The carnation is a highly heterozygote species, due to its
condition as an allogamus plant, due to its long history
of breeding and selection (Baayen et al., 1991). However,
segregation analysis in the carnation, as we present in this
study, should be developed by crossing or autopollination
between commercial varieties. On the other hand, it is
known that the carnation genome is diploid, with a chro-
mosomal formulate of 2n=30 (Gatt et al., 1998; Castilla
et al., 2009), meaning that the number of diploid allelic
combinations in the crosses would be three.

Finally, the present study established three different pheno-
types but the predominant phenotype was (MS) moderately
susceptible. Neither complete absence nor complete pres-
ence of the disease was observed for the range or intervals.
These facts presume a possible control of resistance in
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carnation plants which is governed by more than two genes
and with a possible additive genetic action.
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