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ABSTRACT

The production of tobacco (Nicotiana tabacum L.) in Argentina is centered in the
northwestern region (NWA), where the incidence of root rots and stem diseases caused
by Fusarium spp. has increased considerably in recent years. This study aimed to evaluate
the pathogenicity levels of isolates of the F oxysporum and F solani complexes in different
varieties of Virginia Type tobacco. The commercial varieties MB47, PVH229, NC71, K346,
K326, and K394 were inoculated with six isolates of both complexes. The variables
evaluated were the incidence and severity of the symptoms. The area under the disease
progress curves (AUDPC) was calculated and subjected to analysis of variance (ANOVA).
Also, disease epidemiological models were fitted to the experimental data. The MB47
variety was significantly less infected and the varieties K346, K326, and K394 had the
highest AUDPC means, showing susceptibility to the isolates. The disease intensity curves
were adequately described by the monomolecular and logistic models. The results provide,
for the first time, information about the levels of tolerance to vascular wilt and root rot
under controlled conditions for the main varieties of Virginia-type tobacco grown in NWA.
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RESUMEN

La produccion de Tabaco (Nicotiana tabacum L.) en Argentina se concentra en la Region
Noroeste (NOA), donde la incidencia de las enfermedades radiculares y de tallo causadas
por Fusarium spp. han aumentado en los ultimos afios. Este estudio, tuvo como objetivo
evaluar los niveles de patogenicidad de aislamientos de los complejos E oxysporum y
E solani en diferentes variedades de tabaco tipo Virginia. Las variedades evaluadas fueron:
MB47,PVH229,NC71,K346,K326 y K394 que se inocularon con seis aislamientos de ambos
complejos. Las variables evaluadas fueron incidencia (I) y severidad (S). Se calcul6 el area
bajo las curvas de progreso de la enfermedad (ABCPE) y se sometid a analisis de varianza
(ANOVA). Ademas, se ajustaron los datos experimentales a modelos epidemiolégicos del
proceso de enfermedad. La variedad MB47 result6 significativamente menos infectada y
las variedades K346, K326, K394 presentaron los valores de ABCPE mas altos, mostrando
un comportamiento susceptible. Las curvas de intensidad de la enfermedad se descri-
bieron adecuadamente mediante los modelos monomolecular y logistico. Los resultados
generados en el presente estudio proporcionan por primera vez informacién sobre los
niveles de tolerancia al marchitamiento vascular y podredumbre radicular en condiciones
controladas para las principales variedades de tabaco cultivadas en NOA.

Palabras clave
tolerancia e Nicotiana tabacum L. ¢ FOSC ¢ FSSC ¢ enfermedades de hongos de suelo
patogenicidad

INTRODUCTION

Tobacco (Nicotiana tabacum L.) is an economically important crop cultivated in more
than 125 countries worldwide. Argentina, which is among the top ten producers, cultivates
43,815 hectares of tobacco every year, mainly in the northwestern region of the country.
Virginia-type tobacco varieties represent 74% of the national production, while the other
26% corresponds to the Burley and Tobacco Creole types (28).

Fusarium wilt, caused by members of the Fusarium oxysporum species complex (FOSC),
is a widespread disease that causes severe damage in tobacco-producing areas of Argentina
and many countries around the world (24, 33). The tobacco wilt-causing Fusarium species
have been designated as E oxysporum f. sp. nicotianae, F. oxysporum f. sp. batatas, and
E oxysporum f. sp. vasinfectum based on their ability to cause disease on multiple hosts such
as sweet potato, cotton, and tobacco (1, 2, 19, 32). Disease symptoms caused by members
of FOSC may appear in the field, manifesting slow yellowing and drying of the leaves,
sometimes along one side of the tobacco plant (24, 33). This pathogen causes crop losses of
up to 15-20% of tobacco production (18, 30). On the other hand, Fusarium root rot is caused
by members of the Fusarium solani species complex (FSSC). Disease symptoms include
chlorosis and wilt, progressing from the lowest to the highest leaves. Members of FOSC and
FSSC have been associated with tobacco wilt and root rot in Northwestern Argentina (NWA)
(4) and other tobacco-growing regions worldwide (8, 36).

Soil-borne diseases are difficult to control, making it essential to adopt integrated
management strategies. The most effective control of Fusarium wilt and root rot has been
the development and use of resistant or tolerant tobacco varieties (19). In Argentina,
commerecial varieties with genetic resistance are not available; instead, tolerant varieties that
contribute to reducing infection and minimizing yield losses are used. It has recently been
reported that pathogenic isolates of FOSC and FSSC from NWA differed in their virulence
levels when tested under controlled conditions in tobacco plants (4). However, the existence
of specific interactions between isolates and tobacco cultivars remains unknown.

No information is available on the level of Fusarium inoculum concentrations in local soils
cropped with tobacco or on the response of the varieties to these diseases. Chlamydospores
are the main form of inoculum in the field, although the fungus can also produce microconidia
and macroconidia (22). Once present in a field, the fungus persists for years in the absence
of a susceptible host. Understanding the relationship between disease incidence and
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pathogen variability may allow the development of effective management strategies and a
better prediction of the disease progression over time, in a context of sustainable cropping.
The objectives of this study were (1) to evaluate the pathogenicity levels of isolates of
FOSC and FSSC recovered from the main tobacco-growing area of Argentina; and (2) to
evaluate six Virginia-Type varieties of tobacco for their resistance to FOSC and FSSC under
controlled conditions.

MATERIALS AND METHODS

Fungal isolates and inoculum production

Six isolates of FOSC and FSSC, previously characterized (4), were used to evaluate wilt
and root rot resistance on tobacco plants (table 1). Monoconidial cultures of the six tobacco
pathogenic Fusarium spp. isolates were selected from the fungal collection of “Laboratorio
de Sanidad Vegetal” INTA-EEA-Salta Microbial Collection, Argentina. The isolates were
initially recovered from tobacco plants showing wilt and root rot symptoms in the main
Virginia-type tobacco-growing area of Argentina.

Table 1. Origin and features of the six isolates of FOSC and FSSC, recovered from the main
Virginia-type tobacco-growing area in Argentina, used in this study.

Tabla 1. Origen y caracteristicas de los seis aislamientos de FOSC y FSSC, recuperados de las
principales zonas de cultivo de tabaco tipo Virginia en Argentina, utilizados en este estudio.

Species Geographic origin Ly
Isolate (GenBank#) # (latitude, longitude) Pathogenicity
FOSC
Fols E oxysporum f. sp. vasinfectum | La Caravana, Jujuy, Argentina HP
(MF327631) (24°28712” S; 65°5°32” W)
Fo27 E oxysporum f. sp. batatas Alto Verde, Jujuy, Argentina Hp
(MF327609) (24°2639” S; 65°7°18” W)
Fo33 E oxysporum f. sp. batatas Alto Verde, Jujuy, Argentina HP
(MF327613) (24°26°40” S; 65°7°02” W)
FSSC
Fs44 E solani Alto Verde, Jujuy, Argentina HP
(MF327639) (24°27°39” S; 65°7°08” W)
Fs55 E solani La Merced, Salta, Argentina Hp
(MF327646) (24°58 43" S; 65°28'18” W)
Fs98 E solani FSSC5 Vaqueros, Salta, Argentina MP
(MF327665) (24°41717” S; 65°23°55” W)

For inoculum preparation, fungal colonies were grown on potato dextrose agar (PDA)
at 25°C in the dark for five days (17). Microconidia suspensions were obtained by adding
10 mL of sterile distilled water to the cultures and rubbing the culture surfaces with a sterile
glass rod. The suspensions were filtered through sterilized cotton, and microconidia were
quantified microscopically using a hemocytometer (11).

Tobacco plant inoculation

Six commercial tobacco varieties (MB47, PVH2291, NC71, K346, K326, and K394) were
evaluated. These genotypes represent the varieties most commonly used in NWA. Tobacco
seeds were seeded under a hotbed with a sterile substrate (autoclaved for 30 minutes
at 120°C, on two consecutive days); the seedlings were grown at 25 + 2°C with a 12 h
photoperiod (32). When the plants had grown four true leaves, they were transplanted.

The experiment was conducted following a factorial treatment. The experimental design
consisted of two factors: tobacco variety (six levels) and Fusarium isolate (six levels), in a
completely randomized design. Data from the two independent pathogenicity tests were
combined and analyzed as one.
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Each plastic pot (final volume of 400 g) containing sterile sand and mulch (autoclaved
for 30 minutes at 120°C, on two consecutive days) was used as the substrate mixed in a
proportion of 1/1 (vol/vol). The inoculum concentration (1 x 10° microconidia/g of the
substrate) of each Fusarium oxysporum (Fo) and Fusarium solani (Fs) isolate was used. Six
pots of each variety were inoculated with the deposition of 1 mL of each conidial suspension
(31). Plants were maintained for 30 days in a growth chamber at 25 + 2°C with a 12 h
photoperiod. The pots were drenched periodically with sterile distilled water in order to
keep the humidity of the substrate. Six pots with a non-inoculated sterile substrate of each
variety were used as control.

Disease assessment

Disease progressions were analyzed by the incidence (I) and severity (S) of typical wilt
and root rot symptoms. Each plant was assessed for symptom severity on a scale of 0-4 at
5-day intervals. To evaluate wilt (FOSC), the scale proposed by LaMondia and Taylor (1987)
was used (0 = 0%, 1 =1-33%, 2 =34-66%, 3 = 67-100%, 4 = dead plants). Roots were rated
for Fusarium root rot (FSSC) symptoms following a five-class rating scale (0 = no lesions,
1 = small root lesions, 2 = central root lesions, 3 = large root lesions, 4 = dead plant). The
disease severity index (DSI) was calculated for each isolate using the following formula:
(n )+(n,x2)+(n,x3)+(n,x4)/n +n +n,+n,+n, where n is the number of plants in category 0
of the scale, n, is the number of plants in category 1, n, is the number of plants in category 2,
n, is the number of plants in category 3, and n, is the number of plants in category 4 (15, 35).
The number of healthy plants was recorded at a 5-day interval for 30 days post-inoculation
(5,10, 15, 20, 25, and 30 dpi).

Finally, the plants were cut across the stem to verify the vascular discoloration,
superficially disinfected, placed onto PDA plates, and incubated for ten days. The pathogen
was reisolated from all symptomatic tissue fulfilling Koch’s postulates.

Data analyses

The incidence was related to the time to describe a disease progress curve. The area
under the disease progress curve (AUDPC) was calculated through the polygon method
(7), subjected to analysis of variance (ANOVA), and compared using the Fisher LSD test
(o =0.05).

Additionally, the incidence data was linearized, and linear regression analysis was
performed to obtain the parameters of three epidemiological models: monomolecular,
logistic, and Gompertz (25). The residuals and the graphic adjustment of the experimental
data and of the coefficient of determination (R?), as well as the mean squared residue, were
considered for the model selection. The apparent infection rate parameter (slope) of the
equation for each repetition was determined from linearized data. The slopes were then
analyzed by ANOVA and used to construct a simulated disease progress curve for each
isolate evaluated (initial incidence considered y, = 0.0001; y,* =In [(y, / (1-y,)]). All data
analyses and model adjustments were performed using the InfoStat software (13).

RESULTS

Tobacco variety-Fusarium isolate interaction

All six Fusarium isolates tested were pathogenic and produced different symptoms
on tobacco plants depending on the species used. FOSC isolates produced mainly wilting,
chlorosis, and growth reduction in tobacco plants (Supplementary Figure 1); in contrast,
FSSC isolates caused root rot, with characteristic necrotic lesions and root rot symptoms
(Supplementary Figure 2).

There were highly significant statistical differences in disease severity for tobacco
varieties (genotypes) (p < 0.0001) and for variety x isolate interaction (p < 0.01)
(table 2, page 218). These results clearly suggest that the disease progression may vary
according to the Fusarium isolate and tobacco varieties.
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Table 2. Mean squares from the analysis of variance for AUDPC values for the six varieties
of tobacco evaluated at 30 days post-inoculation with six isolates of Fo and Fs and the
interactions between them.

Tabla 2. Analisis de varianza para los valores de ABCPE para las seis variedades de tabaco
evaluadas a los 30 dias después de la inoculacion con los seis aislamientos de Fo y Fsy las
interacciones entre ellos.

Source df | Meansquares | p-value
Model 71 65.08 <0.0001
Variety 5 250.55 <0.0001
Isolate 5 39.13 0.0516
Variety*Isolate 25 33.17 0.0095
Error 144 18.84
Total 215

Aggressiveness of Fusarium isolates

All the isolates caused high disease incidence in tobacco plants after 30 dpi. Significant
differences (p < 0.05) were observed in the mean DSI scores between isolates (table 3).
The highest DSI scores were registered for Fo27 and Fol5, while the lowest DSI score was
found for Fs98. As expected, the results obtained from the DSI scores were related to the
mean AUDPC values of the isolates. These results suggest a differential behavior of Fusarium
isolates for disease development on tobacco plants. Tobacco varieties differed significantly
(p <0.05) based on the mean DSI scores. K394 and NC71 showed the highest and lowest DSI
scores, respectively.

Table 3. Mean Disease Severity Index (DSI) and the AUDPC registered at 30 days post-
inoculation for the tobacco varieties and Fo and Fs isolates evaluated.

Tabla 3. Media del Indice de Severidad de Enfermedad (DSI) y ABCPE registrados a los 30 dias
después de la inoculacion para las variedades de tabaco y los aislamientos Fo y Fs evaluados.

Varieties DSI AUDPC (VC)® Isolates DSI AUDPC (VC)
MB47 | 2.68b 7.95 (0.44) e Fol5 299c¢ | 11.88(0.35) ab
PVH2291 | 2.87c 11.18 (0.46) cd Fo27 3.06d | 12.60 (0.44) a
NC71 | 2.28a* 9.36 (0.49) de Fo33 2.84b 10.42 (0.37)
K346 | 291d 14.89 (0.56) a Fs44 2.84b | 12.69(0.47)
K326 | 2.94d 12.83 (0.31) bc Fs55 2.82ab | 11.92(0.52) ab
K394 | 3.63e 13.60 (0.46) ab Fs98 2.74a | 10.30(0.49) b

Varietal performance of Fusarium infection

All tobacco varieties showed significantly different levels of tolerance against the infection
caused by the six Fusarium isolates evaluated. MB47 and NC71 were significantly less infected
than the other varieties, which registered low AUDPC values (figure 1, page 219).

Besides, MB47 resulted in a greater degree of tolerance to FOSC isolates, followed
by PVH2291 and NC71. For FSSC isolates, the varieties NC71 and MB47 exhibited better
behavior under controlled conditions. In contrast, K346, K326, and K394 had high AUDPC
scores, resulting in susceptible behavior for all the isolates of Fusarium analyzed (table 4,
page 219).

Model adjustment

The disease intensity curves were adequately described by the monomolecular and
logistic models (table 5, page 220). These models were the ones that were best adjusted
based on the residue graphs and adjusted determination coefficients (R?). The equation that
represents the incidence (y) as a function of time (t) was calculated as follows: y = 1- (1-y,)
exp (-rt); then the equation that defines the logisticmodel wasy=1/[1+{-Iny / (1-y ) + rt}].
To control the fulfillment of the assumptions of the analysis, we requested the student
residual vs. predicted graphs, and Q-Q plot to confirm the normality of the model data.
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Figure 1. Interaction between the Fusarium oxysporum and Fusarium solani isolates and the six tobacco varieties
evaluated (Fisher’s LSD test, a = 0.05). Vertical bars represent the standard deviation.

Figura 1. Interaccion entre los aislamientos Fusarium oxysporum and Fusarium solani y las seis variedades de
Tabaco evaluadas (prueba de Fisher’s LSD, a = 0,05). Barras verticales representan la desviacion estandar.

Table 4. Fo and Fs isolates evaluated and mean of the AUDPC registered at 30 days
1 Mean values of the post-inoculation.

N At[}JIDCFl_’- Eomllf’sa];its‘)f; Tabla 4. Aislamientos de Fo y Fs evaluados y media del ABCPE registrado a los 30 dias
((f - 06_051; z(irSD: Lezzt después de la inoculacién.

significant difference to .

compare Fusarium wilt Fusarium Isolates ‘ Fol5 ‘ Fo27 ‘ Fo33 ‘ Fs44 ‘ Fs55 ‘ Fs98
and root rot. Varieties
! Media del ABCPE. MB47 771 792| 731, 771 7.72| 9.38
Comparaciér.l por PVH2291 12.5| 10.20 | 6.88| 1521 | 13.96 | 8.33
Prﬁgga(ge_ F(;Sélse)r NC71 1147 | 1356, 9.17| 9.06| 688 6.04
2LSD: Diferencia K346 11.67 | 18.71 | 13.12 | 15.83 | 15.42 | 14.58
menos significativa K326 11.68 | 15.83 | 12.08 | 13.33 | 13.83 | 10.21
para comparar el K394 16.25| 9.38| 13.96 | 14.99 | 13.75| 13.29
marchitamiento Mean 11.88 | 126 1042 | 12.69 | 11.92 | 1030
por Fusariumy

podredumbre radicular. LSD (P < 0.05) 6.18| 6.55| 453 8.00| 7.75| 7.58
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*Adjusted models; Table 5. Statistical parameters applied for model selection and description of the F

b apparent infection .
rate; * adjusted oxysporum and E solani complexes.
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determination; . .
@ mean square los complejos F oxysporum y E solani.

error; °p p;ob_al}olili}:y Isolates Models? rb R | MSE!| p(m)°
assoclatedwitn 8 Fol5 | Monomolecular | 0.01 | 0.90 | 0.02 | 0.0022
* Ajuste del modelo; Fo27 Log¥st?c 0.03 | 0.92 | 0.02 | 0.0007
b tasa de infeccién Fo33 Logistic 0.05 | 0.47 | 0.02 0.0097
aparente; € coeficiente Fs 44 Monomolecular | 0.05 | 0.93 | 0.05 0.0003
de ietedrmin;dgn Fs55 | Monomolecular | 0.05 | 0.85 | 0.06 | 0.0210
ajustado; © cuadrado Fs98 | Monomolecular | 0.06 | 0.9 | 0.05 | 0.0007
medio del error;

¢ probabilidad asociada

al modelo.

Figure 2 presents the adjusted curves for FOSC and FSSC. Different curves in the same
plot represent each of the three Fusarium isolates belonging to each complex. Using these
models,itwas confirmed thatthefinalamountofdiseaseincreasesinamonomolecularmodel
in most of the isolates. The slopes of the adjusted equations for each isolate concentration
were evaluated by ANOVA (VC= 4.44), and the results are shown in table 6.
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Figure 2. Progression of Fusarium wilt and root rot in six varieties of Virginia-type tobacco.
a) Fusarium oxysporum and b) Fusarium solani.

Figura 2. Progreso del marchitamiento vascular por Fusarium y podredumbre radicular en las seis variedades de
Tabaco tipo Virginia, a) Fusarium oxysporum y b) Fusarium solani.

*Different letters Table 6. Analysis of the variance of the mean slope coefficients for the linearized model.
indicate statistically

significant differences Tabla 6. Analisis de la varianza de los coeficientes de pendiente media para el modelo
(p < 0.05). Comparison linealizado.
by the FIShiLLzsgléess)t_ Isolates Models ? rb R¢ | MSE? | p(m)°
*Letras diferentes Fol5 | Monomolecular | 0.01 | 0.90 0.02 | 0.0022
indican diferencias Fo27 | Logistic 0.03 | 0.92 0.02 | 0.0007
estadisticamente Fo33 Logistic 0.05 | 0.47 0.02 0.0097

significativas (p < 0,05).

=, Fs44 | Monomolecular | 0.05 | 0.93 0.05 0.0003

Comparacion por
prueba de Fisher LSD Fs55 Monomolecular | 0.05 | 0.85 0.06 0.0210
(a=0,05). Fs98 Monomolecular | 0.06 | 0.9 0.05 0.0007
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Di1SCUSSION

This work represents the first analysis of the behavior of commercial varieties of
tobacco against pathogenic isolates of the Fusarium oxysporum species complex (FOSC) and
Fusarium solani species complex (FSSC) in Argentina. The varieties exhibited differential
behavior against the isolates. FOSC isolates were associated with typical wilting symptoms,
like slow yellowing and occasional drying of the leaves along one side of the plant. The
presence of Fusarium solani has been recently detected for the first time in the region as a
pathogen causing stunting, wilting, necrosis, and death in the tobacco plant (4).

The most effective and sustainable control against wilt and root rot diseases caused
by soil-borne pathogens resides in the use of resistant genotypes. However, the existence
of a narrow genetic basis among commonly used tobacco varieties has been established
(37, 38). The situation of flue-cured tobacco may be an extreme example of the impact of
stringent quality requirements and conservative breeding strategies on the narrow genetic
base of germplasm pools. Many of the cultivars recently developed involved crosses with
K326, a widely cultivated variety with high quality and performance but susceptible to
pathogenic soil fungi (29). In this study, K394 under controlled conditions resulted in the
variety with the highest DSI and AUDPC, in spite of it being registered as moderately tolerant
to pathogenic soil fungi (10).

Modern breeding strategies are also impacting genetic diversity through the wide-scale
release of F1 hybrid tobacco cultivars with cytoplasmic male sterility (23). In the present
study, the varieties with the best performance were the hybrids MB47, PVH2291, and NC71.
The relatively new hybrid variety MB47, registered as tolerant to Fusarium oxysporum,
showed low DSI and AUDPC for FOSC and FSSC. In addition, the hybrid variety PVH2291
performed well for the FOSC, while NC71 did so for the FSSC. In a previous study, the
molecular analysis of 17 Virginia-type tobacco varieties from northwestern Argentina,
based on microsatellite markers, revealed that these three varieties showed greater genetic
divergence than the rest (12). Therefore, we highlight the importance of knowing the degree
of tolerance of the varieties to be cultivated. This knowledge, along with the determination
of the inoculum amount present in the soil, will allow an effective selection of the variety to
be incorporated into the production process.

Varied levels of susceptibility of tobacco varieties to Fusarium oxysporum, with different
degrees of severity between the Virginia and Burley types, have been reported (34). However,
there are no reports for members of FSSC associated with tobacco in the NWA region. There
are reports for FSSC for other crops such as beans, passion fruit, and soybean (6, 9, 26). In
soybean cultivation, this behavior was also observed with Fusarium graminearum in tests
under controlled conditions (5). A recent study reported transgenic lines of tobacco with
significantly increased resistance to Fusarium solani, with no wilting or root rot symptoms
after 30 dpi (3). However, genetic resistance to black shank (Phytophthora parasitica)
and bacterial wilt (Ralstonia solanacearum) was only incorporated into some varieties of
tobacco (23). Furthermore, the tobacco varieties used in the NWA region show differential
susceptibility to root rot (Rhizoctonia solani) (27). The main Virginia-type tobacco varieties
cultivated in the NWA exhibited varying degrees of tolerance to FOSC and FSSC, manifesting
the characteristic symptoms of each disease. In the varieties studied, no resistance
mechanism is at work, but varying degrees of tolerance have been shown, which do not
interfere with the growth of the host, tolerate the infection and have adequate performance
(13). In the field, variable tolerance levels are commonly observed with very high inoculum
potentials and favorable environmental conditions (20).

In the present study, AUDPC was found to be a useful parameter in comparing the
incidence of the disease over time to describe the behavior of commercial varieties versus
isolates from both complexes. Similar results were observed in chickpea, where the AUDPC
made it possible to identify the behavior of varieties and races of E oxysporum f sp. ciceris
under controlled conditions (30). The disease incidence data of the isolates evaluated were
adjusted to monomolecular and logistic growth models. Madden et al. (2007) relate the
monomolecular model to monocyclic epidemics, where the inoculum comes from previous
epidemics, while they associated the logistic model with polycyclic epidemics, where there
is inoculum movement from diseased to healthy plants. In the present study, the adjustment
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of only three isolates to the logistic models can be attributed to inoculum density in soil, and
root growth with or without lesion expansion on roots might affect the dynamics of root
disease epidemics (16, 18).

This is the first study providing useful information on the relationship established
between pathogen aggression and degree of tolerance in tobacco varieties in Argentina. The
results revealed that the infection caused by Fusarium isolates depends on the identification
of the inoculum present in the soil and the degree of tolerance of the varieties used. Given
the great variability observed in the Fusarium complexes studied, it would be interesting
to increase the number of isolates and the tobacco genotypes evaluated and to add other
possible interactions in the pathosystem, such as the interaction with nematodes, to identify
resistant genotypes.

CONCLUSIONS

The varieties that exhibited the best performance under controlled conditions were
determined, and the genetic materials used were characterized. The existence of a narrow
genetic base in the commonly used tobacco varieties requires the search for new sources
of resistance to the main diseases that affect the crop in the region. The results found
suggest that the varieties NC71, MB47, and PVH2291 should be incorporated into breeding
programs to obtain genotypes with higher levels of tolerance to vascular wilting and root
rot. However, field studies are necessary to determine the health behavior and yield of the
varieties evaluated under growing conditions. In addition, it would be of great interest to
carry out additional studies to determine the density of inoculum present in tobacco soils
for both complexes to establish disease control strategies.
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