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Abstract

The wilt or damping-off of husk tomato is a disease caused by fungi originating in the soil, among
which Fusarium oxysporum, Macrophomina phaseolina, and Rhizoctonia solani stand out,
causing losses due to the lack of resistant varieties. This study aimed to determine the response
of husk tomato (Physalis ixocarpa Brot.), Dali, Siqueiros, and Tamayo hybrids, as well as cv.
Gabriela, Puebla, San Miguel, and Tecozautla, to pathogenic isolates of F. oxysporum, M.
phaseolina, and R. solani. The study was conducted under greenhouse conditions; sterilized
substrate of river sand + peat (1:3 v/v) was placed in pots and then inoculated with three isolates
of F. oxysporum 1.6x10° CFU, two of M. phaseolina, and three of R. solani (8 g of infested
sorghum seed/pot, of each fungus). Five seeds of the corresponding husk tomato cultivar were
deposited in each pot, then covered with the same substrate and incubated for 30 days. A
completely randomized design was used, with three repetitions (pots). In the control treatment,
the seeds were sown on soil without fungus. The emergence of seedlings was estimated nine
days after sowing (das), and the severity of infection for each of the pathogens (scale of 0-5)
at 30 das. Data were analyzed using nonparametric statistics. The seven cultivars tested were
susceptible to the species F. oxysporum, M. phaseolina, and R. solani; some of the isolates
tested exerted a significant differential effect of virulence on some of the varieties studied.
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Introduction

Husk tomato (Physalis ixocarpa Brot.) is a nightshade that, in 2020, was cultivated in an area of
39 865 ha nationwide. Sinaloa is the primary producer of this crop, with 140 752 t of harvested
fruits in a cultivated area of 6 114 ha with an average vyield of 23 t ha™ (SIAP, 2020). The main
husk tomato-growing municipalities in Sinaloa are Escuinapa with 1 610 ha sown, Guasave 1 175
ha, Ahome 884 ha, Angostura 720 ha, and Mazatlan 438 ha (SIAP, 2020).

In Mexico, husk tomato has a productive potential of 80 t ha™ (Castro-Brindis, 2000). However,
the production of the crop is limited by the presence of fungal diseases, among which the
following stand out: white smut (Entyloma australe) (Moncayo-Pérez et al., 2020), leaf spot,
Cercospora physalidis, powdery mildew Podosphaera xanthii (Félix-Gastélum et al., 2007) and
yellowing-wilting caused by Fusarium sp. (Soto-Zaraz(a et al., 1998).

In Sinaloa, wilt is, after the virus disease, the most important disease, with losses that can reach
50% of the yield (Ayala-Armenta et al., 2020). The disease called husk tomato wilt presents
severity that can be estimated in total or in proportion and manifests itself as chlorosis and
flaccidity of the foliage, the fruits often detach prematurely, the roots show a light brown to dark
brown rot and sometimes pink, reddish or violet tones are also observed, the rot can extend
to the neck and base of the stem (Apodaca-Sanchez, 2005; Apodaca-Sanchez et al., 2008;
Vasquez-Lépez et al., 2009; Ayala-Armenta et al., 2020).

Wilt is of complex etiology since, in Sinaloa, a group of fungi has been reported as associated
with the disease, among which the most frequent are Fusarium oxysporum, Fusarium solani, and
Rhizoctonia solani (Apodaca-Sanchez, 2005; Apodaca-Sanchez et al., 2008), whose
pathogenicity has been proven (Flores-Sanchez et al., 2009), but the identity of the fungi has
been determined only based on their morphology. To date, there is little information related to the
response of husk tomato varieties sown in Mexico to fungi originating in the soil associated with wilt.

In Mexico, chemical and cultural management measures are usually ineffective against wilt-
associated fungi. The comprehensive management of the disease should be based on sowing
resistant or tolerant genotypes, but the behavior of commercial varieties in relation to possible
resistance or tolerance is unknown. The present work aimed to evaluate, in the greenhouse,
the response of seven commercial genotypes of husk tomato to different isolates of the fungi F.
oxysporum (Family: Nectriaceae), M. phaseolina (Family: Botryosphaeriaceae) and R. solani
(Family: Ceratobasidiaceae), which cause the wilt of husk tomato, in Sinaloa.

Materials and methods

Site description

The work was carried out in the greenhouses of the Faculty of Agriculture of Valle del Fuerte
(25° 44’ north latitude, 108° 48’ west longitude, and 14 masl) in 2019. The following were tested:
six isolates of F. oxysporum with access code of the gene bank F-131 (MN270353), 135
(MN270354), 140 (MN270356), 143 (MN270360), 145 (MN270358) and F-146 (MN270362), two
isolates of M. phaseolina M-147 (MN270374) and M-150 (MN270377) and three of R. solani from
the anastomosis group AG-4 HGI R-115 (MN264605), 116 (MN264606) and R-118 (MN264607)
(Ayala-Armenta et al., 2020). Seven commercial husk tomato cultivars with wide distribution in
Mexico were sown: Dali (Harris Moran Mexico, HM Clause®), Gabriela (United Genetics Mexico),
Puebla (Semillas Caloro Mexico), San Miguel (LatamSeeds Mexico), Siqueiros (Harris Moran
Mexico, HM Clause®), Tamayo (Harris Moran Mexico, HM Clause®) and Tecozautla (Suprema
Seeds Mexico).
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Inoculation and development of the trial

Expanded polystyrene (EPS) pots, with a capacity of 2 L, were filled with a sterile substrate of
sand + peat moss 1:3 v/v previously infested with the corresponding isolate of the three species
under study. The inoculum of F. oxysporum was reproduced in corn kernel (Gilchrist-Saavedra et
al., 2005; Lopez-Valenzuela et al., 2014). In contrast, R. solani and M. phaseolina were multiplied
in grains of sorghum (Sorghum bicolor), cited by Fernandez-Herrera et al. (2013). In both cases
the grain was washed with distilled water and soaked for 24 h, then the excess water was
absorbed with absorbent paper. The grain was sterilized in 1 L bottles for two one-hour periods at
121 °C at 15 pounds of pressure. The isolates were grown in potato dextrose agar (PDA) at room
temperature (24 +3 °C) until the mycelium covered the box. The mycelial growth in PDA was
transferred in strips to the bottles with grains and stirred until homogenized. The inoculum was
incubated for 30 days in darkness at room temperature (24 £3 °C) with daily manual stirring, prior
to inoculation in the substrate, cited by Ferndndez-Herrera et al. (2013), with slight modifications.

The fungal isolates were inoculated prior to sowing the husk tomato; for F. oxysporum, 8 g of
infested corn was applied in each pot, whose density was 1.6x10° CFU, similar to that reported by
Chehri et al. (2011), while for R. solani and M. phaseolina, 8 g of infected sorghum grain was
used, cited by Fernandez-Herrera et al. (2013) with minimal modifications. For M. phaseolina, the
density was 115 CFU/g soil (Torrealba et al., 2015), and for R. solani, 100 CFU/g soll
(Hernandez-Castillo et al., 2014). Five seeds were sown in each pot, covered by a 2 cm layer of
the same substrate, then the pot was covered with a plastic lid, and a hole was left for ventilation.

Description of treatments and experimental design

Each treatment was made up of a combination of a fungal isolate and a variety. The trial was
adjusted to a completely randomized design with three replications. Seeds were sown on the
substrate without inoculum as a control. The pots were incubated for five days at laboratory
temperature (20-24 °C) and then in the greenhouse for 30 days at 15-30 °C. The water and the
nutrient solution were applied timely according to the requirements to avoid stress of the plants;
from each inoculated plant, a sample of roots in PDA was analyzed in order to corroborate Koch’'s
postulates (Agrios, 2005). The strains obtained were analyzed under the microscope to confirm
that their identity corresponded to the isolate inoculated at first.

Variables assessed

Seedling emergence was assessed at nine days after inoculation (dai). The severity of the
symptoms was estimated with the modified scale of Correll et al. (1986), where the following
categories were considered: 0= healthy plant; 1= slight discoloration of the root; 2= extensive
discoloration of root vascular tissue; 3= slight root rot; 4= extensive root rot; and 5= ungerminated
seed or dead plant. In the case of the average severity values for each treatment, when relevant,
the data were converted to percentage by rule of three, taking the maximum value of the scale as
100% (average severity values 240% are considered susceptible).

Statistical analysis

Data analysis was performed using the Shapiro-Wilk test (Shapiro and Wilk, 1965) in order
to verify normality and the F test for homogeneity of variances. However, the assumptions
were not fulfilled, even after the transformation, so the analysis of variance was done with the
Kruskal-Wallis test (Kruskal and Wallis, 1952) and in the variables where there were significant
differences (p< 0.05), the comparison of Conover's mean ranks (Conover et al., 1981) was carried out.
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Results and discussion

General symptoms

F. oxysporum

Seeds sown in soil infested with F. oxysporum showed rot, which prevented the germination of
many seeds; likewise, there was post-emergent death of seedlings due to root rot, which turned
brown to pinkish (Figure 1A). The surviving seedlings presented yellowing and reduced radical
development (Figure 1B), as well as wilt and gradual death (Figure 1C) similar to that reported in
husk tomato (Physalis ixocarpa Brot.) (Soto-Zarazua et al., 1998; Gémez-Camacho et al., 2006).

Figure 1. Husk tomato seedlings with symptoms of F. oxysporum wilt at 30 dai. A) Gabriela isolate
F-131; B) Tamayo isolate F-140; and C) Gabriela isolate F-145.

Regarding the emergence of seedlings inoculated with F. oxysporum, the Dali hybrid and the
Tecozautla variety did not present significant differences (p> 0.05) between the isolates and the
control. The Gabriela variety and the Siqueiros hybrid reduced this variable when inoculated with
isolates F-140, F-131, F-135 and F-145, which were different (p# 0.05) to the control, while F-146
and F-143 were the same. For the Puebla variety and the San Miguel material, this variable also
decreased with isolates F-140 and 131, which were different from the control (p# 0.05). Likewise,
the seedlings of the Tamayo hybrid showed statistical differences with the isolates F-140, 146
and F-131, compared to the control (Table 1).

Table 1. Ranks of seedling emergence in husk tomato cultivars caused by F. oxysporum in greenhouse.
Isolate Dali Gabriela Puebla San Miguel Siqueiros Tamayo Tecozautla
Ranks
F-131 9.2 7.5ab 9 bc 4.5 ab 8.3ab 7.3ab 10
F-135 11.3 9.5ab 32a 12.7 be 57a 9.7 ac 11.8
F140 9 35a 3.8ab 25a 43a 42a 2.7
F-143 135 15.8 bc 10¢ 145¢ 16.2 bc 15.7 bc 115
F-145 35 9.3ab 53 11.8 ac 8.5ab 12 ac 8.7
F-146 10.5 11 ac 9 bc 12.5 bc 13.5ac 8.7 ab 13.3
Control 20 195¢c 3.2a 185¢c 195¢c 195¢c 19
cv 55.5 55.6 3.8 55.1 55.6 55.6 55.3
Average ranks that do not share the same letter in each column show significant differences. Kruskal-Wallistest and
comparison of Conover’s mean ranks (p< 0.05). CV = coefficient of variation.
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For the estimation of the severity in seedlings inoculated with F. oxysporum, it was found that, in
the Dali hybrid, the isolates were virulent, although F-135 and 143 did not differ from the control.
For the Gabriela variety, the isolate F-143 did not show enough severity to differentiate itself from
the control. In the Puebla variety, the isolates with the greatest virulence and different from the
control (p# 0.05) were F-140, 131, 145 and 146. In the San Miguel material, the most virulent
isolates were F-145, 140, 146 and 131, with significant differences (p# 0.05) with respect to
the control. In the Siqueiros hybrid, the most virulent isolates were F-140, 135, 131, 145 and
F-146, which were different (p# 0.05) from the control. The Tamayo hybrid and the Tecozautla
material showed that the most virulent isolates were F-145, 140, 146, and F131 and they were
also different from the control (Table 2).

Table 2. Severity of Fusarium oxysporum isolates on husk tomato
(Physalis ixocarpa Brot.) cultivars 30 das.
Isolate Dali Gabriela Puebla San Miguel Siqueiros Tamayo Tecozautla
Ranks

F-131 21b 30.5b 22.3 bc 22.8 bc 19.3b 22b 16.3 bc

F-135 13.7 ab 22.8b 115ab 10.7 ab 14 b 13.8 ab 6.8 ab

F-140 235b 305b 258¢c 253c 20b 24.7b 19.7c

F-143 13.3ab 20.3 ab 5ab 14.3 ac 8.3ab 12.2 ab 6.8 ab

F-145 23.3b 28.7b 20.4 bc 20.3 bc 15.8b 21.3b 13 bc

F-146 16.7b 27.7b 16.8 bc 16 bc 14 b 17b 12.3 bc

Control 5a 95a 6a 55a 35a 5a 2a

CcVv 55.4 53.2 54.6 55 55.8 55.5 56.1
Average ranks that do not share the same letter in each column show significant differences. Kruskal-Wallis test and
comparison of Conover’s mean ranks (p< 0.05). CV= coefficient of variation.

In a work carried out by Soto-Zarazua et al. (1998), there were differences in the susceptibility of
95 husk tomato genotypes in Mexico to natural infection by Fusarium sp. under field conditions. In
a study conducted with 24 husk tomato materials to determine resistance or susceptibility
to white smut (Entyloma australe Speg.), Fusarium spp. was found with symptoms of stunting and
plant death (Moncayo-Pérez et al., 2020). In another nightshade such as tomato (Solanum
lycopersicum), 144 materials (Pérez-Almeida et al., 2016) and nine commercial genotypes were
susceptible to F. oxysporum (Montiel-Peralta et al., 2020). To date we have no previous work in
which specific isolates of F. oxysporum have been tested and correctly identified, in different husk
tomato genotypes.

In the plants that emerged from seeds that were sown in the substrate infested with M.
phaseolina, there was pre-emergent damping-off and the emergence of seedlings decreased
(Figure 2A), the root turned black, the foliage showed a yellow coloration, while the stems were
thin and brown (Figure 2B), the leaves detached and the seedlings died prematurely (Figure 2C).
The control plants remained healthy until the end of the trial. The reisolated fungi were of
morphology similar to the respective inoculated pathogens, which fulfilled Koch’s postulates.

e3143 5
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Figure 2. Husk tomato seedlings with symptoms of Macrophomina phaseolina wilt at 30 dai. A) Tamayo
isolate M-147; B) San Miguel isolate M-147; and C) Tecozautla isolate M-147.

The symptoms mentioned coincide with those reported in Gran Esmeralda husk tomato (Ayala-
Armenta et al., 2020). General symptoms, in its various hosts, include chlorosis, severe root and
neck rot, early wilt or death of adult plants (Kaur et al., 2012). The results of M. Phaseolina found
on husk tomato cited above also coincide with the symptoms reported for sunflower (Helianthus
annuus) (Aboshosha et al., 2007); (Khan, 2007); (Monaliza and Soares, 2014), corn (Zea mays
L.) (Ortiz-Bustos et al., 2015) and soybeans (Glycine max) (Ahmad et al., 1997; Gupta et al.,
2012; Hemmati et al., 2018).

The effect of the inoculation of M. phaseolina in the Dali, San Miguel, Siqueiros, Tamayo and
Tecozautla hybrids showed no significant differences between the isolates, but the isolate M-147
was different (p# 0.05) from the control. In the Gabriela and Puebla varieties, no statistically
significant differences (p> 0.05) were found in seedling emergence (Table 3).

Table 3. Ranks of emergence of husk tomato cultivar seedling caused by M. phaseolina in greenhouse.

Isolate Dali Gabriela Puebla San Miguel Siqueiros Tamayo Tecozautla
Ranks
M-147 23a 3.7 25 2a 3a 22a 2a
M-150 4.7 ab 4.3 55 5.5ab 4 ab 5.3ab 5.5ab
Control 8b 7 7 75b 8b 75b 75b
CcVv 52.7 49 55 52 52.7 52 52.2

Average ranks that do not share the same letter in each column show significant differences. Kruskal-Wallis' stest and
comparison of Conover’s mean ranks (p< 0.05).

Coefficient of variation (CV)

In all commercial materials, the severity reflected the virulence of the isolates, which were
different (p< 0.05) from the control (Table 4).

Table 4. Severity of Macrophomina phaseolina isolates on commercial materials of husk tomato
(Physalis ixocarpa Brot.) 30 das.

Isolate Dali Gabriela Puebla San Miguel Siqueiros Tamayo Tecozautla
Ranks
M-147 14 b 6.5b 105b 14 b 10b 13.8b 14 b
M-150 11b 6.5b 85b 11b 9b 11.2b 11b
e3143 6
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Isolate Dali Gabriela Puebla San Miguel Siqueiros Tamayo Tecozautla
Ranks
Control 5a 2a 35a 5a 35a 5a 5a
CVv 49.5 51.2 50.8 49.4 51.6 49.4 49.4

Average ranks that do not share the same letter in each column show significant differences. Kruskal-Wallis test and
comparison of Conover’s mean ranks (p< 0.05).

Coefficient of variation (CV)

The symptoms in the plants exposed to R. solani AG-4 HGI showed seed rot and brown roots
(Figure 3A), as well as damping-off at the base of the stem, wilt and chlorosis in leaves and
branches (Figure 3B); finally, at 30 das, premature death of the seedlings occurred (Figure 3C).
The symptoms observed in plants emerged from seeds agree with those reported in different
crops, such as: root rot, damping-off at the base of the stem and general wilt. In early stages, it
causes damping-off, death of seedlings, and in adult stage, death of plants (Agrios, 2005).

Figure 3. Husk tomato seedlings with symptoms of wilt by Rhizoctonia solani AG-4 HGI, at 30 dai. A)
Dali isolate R-116; B) San Miguel isolate R-118; and C) Puebla isolate R-118.

The inoculation of R. solani AG-4 HGI in the hybrids Dali and Gabriela showed effect on the
emergence of seedlings, with significant differences only between the control and the isolates
R-116 and 118 (p< 0.05). The Puebla and San Miguel varieties showed reduction in the
emergence of seedlings, the isolate R-116 presented significant differences with respect to
the control (p< 0.05). In the pots with inoculated substrate, the Siqueiros variety showed no
differences between the isolates; however, the isolate R-116 was different (p< 0.05) from the
control regarding seedling emergence. In the Tamayo + R. solani treatments, the isolate R-116
induced the least emergence of seedlings and was different (p< 0.05) with respect to the control.
In the Tecozautla material, no significant differences were found between the isolates, but the
isolates R-118 and R-116 were different from the control (p< 0.05) (Table 5).

Table 5. Ranks of emergence of husk tomato cultivar seedlings caused by R. solani
AG-4 HGI in greenhouse.

Isolate Dali Gabriela Puebla San Miguel Siqueiros Tamayo Tecozautla
Ranks
R-115 8 ab 9 bc 9b 7.3 ab 7.8 ab 8 bc 8.2 ab
R-116 28a 32a 25a 2a 28a 2a 3a
R-118 4.7 a 3.8ab 45 ab 5.7 ab 4.8 ab 5ab 43 a
e3143 7
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Isolate Dali Gabriela Puebla San Miguel Siqueiros Tamayo Tecozautla
Ranks
Control 10.5b 10c 10b 11b 10.5b 11c 10.5b
CVv 54.2 53 53.3 54.2 53.9 54.8 54.1

Average ranks that do not share the same letter in each column show significant differences. Kruskal-Wallis test and
comparison of Conover’s mean ranks (p< 0.05).

In the specific case of R. solani subgroup HGI, it has been reported in nightshades such as
potato (Solanum tuberosum L.) (Kanetis et al., 2016) and tomato (Solanum lycopersicum L.)
(Kuramae et al., 2003; Taheri, 2011), in sesame (Sesamum indicum) (Cochran et al., 2018),
beans (Phaseolus vulgaris L.) (Cebi-Kilico#lu and Ozkog, 2010), melon (Cucumis melo L.)
(Kuramae et al., 2003). In a work, it was determined that some isolates of R. solani AG-4
subgroup HGI severely affected the germination and emergence of husk tomato cv. Great
Emerald (Ayala-Armenta et al., 2020).

Coefficient of variation (CV)

For severity, it was found that, in all commercial materials, the isolates were virulent and different
from the control (p# 0.05) (Table 6).

Table 6. Severity of isolates of Rhizoctonia solani AG-4 HGI on commercial materials of husk tomato
(Physalis ixocarpa Brot.) 30 das.

Isolate Dali Gabriela Puebla San Miguel Siqueiros Tamayo Tecozautla
Ranks
R-115 14.8b 17b 17b 17.2b 12b 17b 17b
R-116 19.2b 22.2b 21.7b 21b 15.8b 23b 21.8b
R-118 17b 20.8b 21.3b 21.8b 14.2b 20b 21.2b
Control 6.5a 8a 8a 8a 5a 8a 8a
cv 50.8 49.2 49.2 49.1 525 49.2 49.1

Average ranks that do not share the same letter in each column show significant differences. Kruskal-Wallis test and
comparison of Conover’'s mean ranks (p< 0.05).

Coefficient of variation (CV)

Given the lack of cultivars resistant to soil fungi that cause wilt, coordinated work in plant genetics
with phytopathologists is required to obtain materials resistant to soil fungi, such as those studied
here. In other nightshades such as tomatoes, the basis for the management of F. oxysporum wilt
is through the use of resistant varieties (Gonzalez et al., 2012; Leyva-Mir et al., 2013; Morales-
Palacios, 2014). Currently, the commercial materials under study are commonly used by farmers
in central and northern Mexico and at least three of them (Dali, Siqueiros and Tamayo) are
genotypes that are considered new and important in Sinaloa for being of high yield and quality.

Conclusions

Commercial husk tomato materials Dali, Gabriela, Puebla, San Miguel, Siqueiros, Tamayo
and Tecozautla were susceptible (severity # 40%) to F. oxysporum and R. solani, while Dali,
Siqueiros, Tamayo and Tecozautla were also susceptible to M. phaseolina, 30 days after sowing
under greenhouse conditions.



https://doi.org/10.29312/remexca.v15i1.3143

s

DOI: https://doi.org/10.29312/remexca.v15i1.3143

Bibliography

1

10

11

12

13

14

15

Aboshosha, S. S.; Atta, A. S. I.; EI-Korany, A. E. and El-Argawy, E. 2007. Characterization
of Macrophomina phaseolina isolates affecting sunflower growth in EI-Behera
Governorate, Egypt. Inter. J. Agric. Biol. 9(6):807-815.

Agrios, G. N. 2005. Plant pathology. 5" Ed. Elsevier Academic Press. Nueva York. 922 p.

Ahmad, S.; Igbal, S. H. and Khalid, A. N. 1997. Fungi of Pakistan. Mycological Society of
Pakistan. 248 p.

Apodaca-Sanchez, M. A. 2005. Enfermedades del tallo y de la raiz. In: Memoria de la
Jornada de Tecnologia de Produccién de Tomatillo. Fundacion Produce Sinaloa.
Culiacan, México. 1-18 pp.

Apodaca-Sanchez, M. A.; Barreras-Soto, M. A.; Cortez-Mondaca, E. y Quintero-Benitez,
J. A. 2008. Enfermedades del tomate de cascara en Sinaloa. Campo Experimental
Valle del Fuerte-Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias
(INIFAP). Los Mochis, Sinaloa. Folleto técnico num. 31. 30 p.

Ayala-Armenta, Q. A.; Tovar-Pedraza J. M.; Apodaca-Sanchez, M. A.; Correia, K. C;
Sauceda-Acosta, C. P.; Camacho-Tapia, M. and Beltran-Pefia, H. 2020. Phylogeny
and pathogenicity of soilborne fungi associated with wilt disease complex of tomatillo
(Physalis ixocarpa) in northern Sinaloa, Mexico. Eur. J. Plant Pathol. 157(7):733-749.

Castro-Brindis, R.; Sanchez-Garcia, P.; Pefia-Lomeli, A.; Alcantar-Gonzalez, G.; Baca-
Castillo, G. y L6pez-Romero, R. M. 2000. Niveles criticos de suficiencia y toxicidad, de
N-NO; en el extracto celular de peciolos de tomate de cascara. Terra Latinoamericana.
18(2):141-145.

Cebi-Kilico#lu, M. and Ozkog, I. 2010. Molecular characterization of Rhizoctonia solani AG4
using PCR-RFLP of the rDNA-ITS region. Turk. J. Biol. 34(3):261-269. D0i:10.3906/
biy-0812-14.

Chehri, K.; Salleh, B.; Yli-Mattila, T.; Reddy, K. R. N. and Abbasi, S. 2011. Molecular
characterization of pathogenic Fusarium species in cucurbit plants from Kermanshah
province, Iran. Saudi J. Biol. Sci. 18(4):341-351. D0i:10.1016/j.sjbs.2011.01.007.

Cochran, K. A.; Tolbert, A. C. and Spurlock, T. N. 2018. First report of Rhizoctonia solani
AG4 causing stem necrosis in Sesame in Southwest Texas. Plant Dis. 102(10):1-4.
Do0i:10.1094/pdis-02-18-0350-pdn.

Conover, W. J.; Johnson, M. E. and Johnson, M. M. 1981. A comparative study of tests for
homogeneity of variances, with applications to the outer continental shelf bidding data.
Technometrics. 23(4):351-361.

Correll, J. C.; Puhalla, J. E. and Schneider, R. W. 1986. Identification of Fusarium
oxysporum f. sp. apii on the basis of colony size, virulence, and vegetative compatibility.
Phytopathology. 76(4):396-400.

Félix-Gastélum, R.; Avila-Diaz, J. A.; Valenzuela-Cota, B. O.; Trigueros-Salmerén, J. A. y
Longoria-Espinoza, R. M. 2007. Identificacién y control quimico de los agentes causales
de la mancha foliar y la cenicilla del tomatillo (Physalis ixocarpa Brot.) en el norte de
Sinaloa, México. Rev. Mex. Fitopatol. 25(1):1-10.

Fernandez-Herrera, E.; Guerrero-Ruiz, J. C.; Rueda-Puente, E. O. y Acosta-Ramos, M.
2013. Patégenos y sintomas asociados a la marchitez del tomate (Solanum lycopersicum
L.) en Texcoco, México. Revista de Ciencias Bioldgicas y de la Salud. 15(3):46-50.

Flores-Sanchez, J. L. 2009. Respuesta de 13 genotipos de tomatillo (Physalis ixocarpa
Brot.) a virosis y marchitamiento fungoso en Sinaloa, México. Tesis de Licenciatura.
Escuela Superior de Agricultura del Valle del Fuerte. Universidad Auténoma de Sinaloa.
Juan José Rios, Sinaloa. 79 p.

e3143 9

—_


https://doi.org/10.29312/remexca.v15i1.3143

s

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

DOI: https://doi.org/10.29312/remexca.v15i1.3143

Gilchrist-Saavedra, L. G.; Fuentes-Davila, C.; Martinez-Cano, R. M.; Lopez-Atilano,
E.; Duveiller, R. P.; Singh, M.; Henry, E. I. y Garcia, A. 2005. Guia practica para la
identificacion de algunas enfermedades de trigo y cebada. 2** - Ed. México, DF. Centro
Internacional de Maiz y Trigo (CIMMYT). El Batan, Texcoco, Estado de México. 68 p.

Gobémez-Camacho, R.; Rodriguez-Mendoza, M. N.; Cardenas-Soriano, E.; Sandoval-Villa,
M.y Colinas de Leon, M. T. 2006. Fertilizacion foliar con silicio como alternativa contra
la marchitez causada por Fusarium oxysporum (Schlecht.) en tomate de cascara. Rev.
Chapingo Ser. Hortic. 12(1):69-75.

Gonzalez-Marquetti, |.; Arias-Vargas, Y. and Peteira-Delgado, B. 2012. Aspectos generales
de la interaccién Fusarium oxysporum f. sp. lycopersici-tomate. Rev. Proteccion Vegetal.
27(1):1-7.

Gupta, G. K.; Sushil, K. S. and Rajkumar R. 2012. Biology, epidemiology, and management
of the pathogenic fungus Macrophomina phaseolina (Tassi) Goid with special reference
to charcoal rot of soybean (Glycine max (L.) Merrill). J. Phytopathol. 160(4):167-180.

Hemmati, P.; Zafari, D.; Mahmoodi, S. B.; Hashemi, M.; Gholamhoseini, M.; Dolatabadian,
A. and Ataei, R. 2018. Histopathology of charcoal rot disease (Macrophomina
phaseolina) in resistant and susceptible cultivars of soybean Rhizosphere. 7(1):27-34.

Hernandez-Castillo, F. D.; Lira-Saldivar, R. H.; Gallegos-Morales, G.; Hernandez-Suérez,
M. y Solis-Gaona, S. 2014. Biocontrol de la marchitez del chile con tres especies de
Bacillus y su efecto en el crecimiento y rendimiento. Revista Inter. Bot. Exp. 83(1):49-55.

Kaur, S.; Dhillon, G. S.; Brar, S. K.; Vallad, G. E.; Chand, R. and Chauhan, V. B. 2012.
Emerging phytopathogen Macrophomina phaseolina: biology, economic importance and
current diagnostic. Trends Critical Reviews in Microbiology. 38(2):136-151.

Khan, S. N. 2007. Macrophomina phaseolina as causal agent for charcoal rot of sunflower.
Mycopathology. 5(2):111-118.

Kruskal, W. H. and Wallis, W. A. 1952. Use of ranks on one-criterion variance analysis.
Journal of the American Statistical Association. 47(260):583-621.

Kuramae, E. E.; Buzeto, A. L.; Ciampi, M. B. and Souza, N. L. 2003. Identification of
Rhizoctonia solani AG 1-IB in lettuce, AG 4 HG-I in tomato and melon, and AG 4 HG-
Il in broccoli and spinach, in Brazil. Eur. J. Plant Pathol. 109(4):391-395. D0i:10.1023/
a:1023591520981.

Leyva-Mir, S. G.; Gonzalez-Solano, C. M.; Rodriguez-Pérez, J. E. y Montalvo-Hernandez,
D. 2013. Comportamiento de lineas avanzadas de tomate (Solanum lycopersicum L.) a
fitopatdgenos en Chapingo, México. Rev. Chapingo Ser. Hortic. 19(3):301-313.

Lépez-Valenzuela, B. E.; Armenta-Bojorquez, A. D.; Apodaca-Sanchez, M. A.; Ruelas-Islas,
J. del R.; Palacios-Mondaca, C. A. y Valenzuela-Escoboza, F. A. 2014. Reduccion de la
fertilizacion sintética con composta y optimizacion del riego sobre la pudricion del tallo
(Fusarium spp.) del maiz. Scientia Agropecuaria. 5(3):121-133.

Monaliza, R. C. and Soares, D. J. 2014. Pathogenicity and aggressiveness of
Macrophomina phaseolina isolates to castor (Ricinus communis). Trop. Plant Pathol.
39(6):453-456.

Moncayo-Pérez, C. D.; Magafia-Lira, N.; Pefia-Lomeli, A.; Leyva-Mir, S. G.; Sahagun-
Castellanos, J. and Pérez-Grajales, M. 2020. White smut (Entyloma australe) resistance

in tomatillo (Physalis spp.) germplasm. Rev. Chapingo Ser. Hortic. 26(1):65-77. Doi:
10.5154/r.rchsh.2019.09.016.

Montiel-Peralta, E.; Avila-Alistac, N.; Montiel-Peralta, E. and Chamu-Baranda, J. A. 2020.
Wilt incidence in tomato genotypes (Solanum lycopersicum) in different production
systems under shade mesh. Mexican. J. Phytopathol . 38(2):215-225.

e3143 10

—_


https://doi.org/10.29312/remexca.v15i1.3143

- TR

31

32

33

34

35

36

37

38

39

DOI: https://doi.org/10.29312/remexca.v15i1.3143

Morales-Palacio, M. N.; Espinosa-Lépez, G.; Morales-Astudillo, A. R.; Sanchez-Masache,
B. R.; Jiménez-Castillo, A. M. y Milian-Garcia, Y. 2014. Caracterizacion morfolégica
y evaluacion de resistencia a Fusarium oxysporum en especies silvestres del género
Solanum seccidn Lycopersicon. Rev. Colomb. Biotecnol. 16(1):62-73.

Ortiz-Bustos, C. M.; Garcia-Carneros, A. B. and Molinero-Ruiz, L. 2015. The late wilt of
corn (Zea mays L.) caused by Cephalosporium maydis and other fungi associated at the
Iberian Peninsula. Summa Phytopathologica. 41(2):107-114.

Pérez-Almeida, |.; Morales-Astudillo, R.; Medina-Litardo, R.; Salcedo-Rosales, G.; Dascon,
A. F. y Solano-Castillo, T. 2016. Evaluacion molecular de genotipos de tomate por su
resistencia a Meloidogyne incognita, Fusarium oxysporum y Ralstonia solanacearum con
fines de mejoramiento. Bioagro. 28(2):107-116.

Shapiro, S. S. and Wilk, M. B. 1965. Analysis of variance test for normality (complete
samples). Biometrika. 52(3/4):591-611.

SIAP. 2020. Sistema de Informacién Agroalimentaria y Pesquera. Anuario estadistico de la
produccion agricola. https://www.gob.mx/siap.

Soto-Zarazula, G. M.; Pefia-Lomeli, A.; Santiaguillo-Hernandez, J. F.; Rodriguez-Pérez, J.
E. y Palacios-Espinoza, A. 1998. Resistencia a Fusarium sp. de 95 colectas de tomate
de céascara (Physalis spp.). Rev. Chapingo Ser. Hortic. 4(1):51-55.

Taheri, P. 2011. Classification and genetic diversity of Rhizoctonia solani populations
causing tomato damping-off in Iran. Acta Horticulturae. 914:131-134. D0i:10.17660/
actahortic.2011.914.23.

Torrealba, J. A.; Pineda, J.; Ulacio, D.; Escalante, H. y Hernandez, A. 2015. La pudricion
carbonosa (Macrophomina phaseolina) en soya y su manejo mediante aplicaciones de
Trichoderma spp. y Rhizobium sp. Bioagro . 27(3):159-166.

Véasquez-Lopez, A.; Tlapal-Bolafios, B.; Yafiez-Morales, M. de J.; Pérez-Pacheco, R. y
Quintos-Escalante, M. 2009. Etiologia de la marchitez del chile de agua (Capsicum
annuum L.) en Oaxaca, México. Rev. Fitotec. Mex. 32(2):127-134.

e3143 11



https://www.gob.mx/siap
https://doi.org/10.29312/remexca.v15i1.3143

- TR

DOI: https://doi.org/10.29312/remexca.v15i1.3143

Husk tomato cultivars susceptible to wilt in Sinaloa

Journal Information Article/Issue Information
Journal ID (publisher-id): remexca Date received: 01 November 2023
Title: Revista mexicana de ciencias agricolas Date accepted: 01 January 2024
Abbreviated Title: Rev. Mex. Cienc. Agric Publication date: 24 January 2024
ISSN (print): 2007-0934 Publication date: January 2024
Publisher: Instituto Nacional de Investigaciones Volume: 15
Forestales, Agricolas y Pecuarias Issue: 1
Electronic Location Identifier: €3143
DOI: 10.29312/remexca.v15i1.3143

Categories
Subject: Articles

Keywords:

Keywords:

Fusarium oxysporum
Macrophomina phaseolina
Rhizoctonia solani

husk tomato cultivars
pathogenicity

Counts
Figures: 3
Tables: 6
Equations: O
References: 39
Pages: 0

e3143 12



https://doi.org/10.29312/remexca.v15i1.3143



