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ABSTRACT

Objective: To identify black bean genotypes resistant to web blight and angular leaf spot, with yield significantly
superior to that of the Negro Jamapa variety.

Design/methodology/approach: Eleven genotypes were evaluated using a randomized complete block design
with three replications. Their reactions to both diseases were rated using the 1 to 9 scale of the International
Center for Tropical Agriculture (CIAT). Grain yield was estimated in kilograms per hectare. Analyses
of variance were performed on the quantified variables, and a combined analysis was conducted for grain
yield. Mean separation was carried out using the Least Significant Difference test at a 0.05 significance level.
Results: With mean disease severity values ranging from 2.0 to 3.33, five lines and the Verdin variety
demonstrated resistance to web blight. Nine lines, along with Verdin, also exhibited resistance to angular leaf
spot. Among these two groups of outstanding genotypes for disease resistance, Jamapa Plus/XRAV-187-3-4-4
and Jamapa Plus/XRAV-187-3-4-1 were the most productive, with average yields exceeding 2100 kg ha™!,
statistically similar to those of Verdin and Jamapa Plus/XRAV-187-3-1-2.

Limitations on study/implications: Although angular leaf spot did not significantly affect bean yield, the
disease incidence and the severity in the regional control were sufficient to evaluate and classify the genotypes’
reaction to this disease under natural infection conditions.

Findings/conclusions: The three lines derived from the Jamapa Plus/XRAV-187-3 cross and the Verdin
variety exhibited resistance to both diseases and achieved an average yield significantly higher than that of the
Negro Jamapa variety.

Keywords: Phaseolus vulgaris L., diseases, genetic resistance, productivity.

INTRODUCTION

Fungal diseases are one of the main biotic factors that commonly affect bean cultivation
in the tropical and subtropical regions of the state of Veracruz, Mexico (Lépez-Salinas et al.,
2006). Among these, angular leaf spot, caused by the fungus Phacoisariopsis griseola (Sacc.)
Ferraris, stands out due to its prevalence in both residual moisture plantings during the

autumn-winter cycle and rainfed plantings in the summer cycle. The latter are primarily
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carried out in the Las Altas Montafas region in the central part of the state, at altitudes
above 800 m (Tosquy-Valle et al., 2012; Becerra-Leor et al., 2021).

Angular leafspotis characterized by causing angular lesions on the lower leaves, bordered
by reddish-brown veins, where spores form and serve as the inoculum for secondary leaves.
The lesions can spread across the entire leaf blade, causing defoliation. On the pods, the
lesions are oval and circular, dark brown or reddish in color. Environmental conditions
with high relative humidity (>70%), alternating with dry or low-humidity days and
temperatures between 18 and 25 °C, promote infection and the development of angular
leaf spot (Garza-Garcia et al., 2009), which can cause yield losses exceeding 70% in beans
(Tosquy-Valle et al., 2013).

Web blight, although less frequent in the state, also causes significant damage (Tosquy-
Valle et al., 2012). This disease is caused by the fungus Thanatephorus cucumeris (Frank)
Donk 1n its perfect (sexual) stage, which infects the plant through basidiospores, while its
imperfect (asexual) stage is known as Rhizoctonia solani Kithn (Becerra-Leor et al., 2021).
Symptoms include grayish-green to dark brown spots on the leaves, resembling hot water
burns. The fungal mycelium spreads to other plant organs, growing in a web-like manner
until it completely covers the plant. The leaves adhere to each other, leading to rapid and
severe defoliation, while young pods may be entirely destroyed; in mature pods, lesions
merge, causing severe damage (Araya-Fernandez & Herndndez-Fonseca, 2006; Atilio &
Reyes, 2008).

The development of web blight is favored by periods of high precipitation, relative
humidity above 80%, and temperatures between 20 and 30 °C (Galvez et al., 1989). This
fungus can affect multiple bean plant organs at any phenological stage and, in severe cases,
can cause total crop loss within one to two weeks, especially in lowland tropical areas
(Rodriguez et al., 1999; Pedroza-Sandoval et al., 2010).

In Veracruz, web blight occasionally occurs in bean plantings in the central zone and
the Las Altas Montafias region (Tosquy-Valle e al., 2024), and more frequently during
the autumn-winter cycle in the municipalities of Martinez de la Torre and Tlapacoyan,
located in the northern zone, where it has caused significant reductions in grain yield
(Rodriguez-Rodriguez ¢t al., 2016).

Most farmers in Veracruz use low-yielding landrace varieties, others of unknown origin,
and some improved varieties such as Negro Jamapa, which was developed over six decades
ago by the former INIA (Rosales-Serna et al., 2004), all of which are susceptible to these
diseases (Ugalde-Acosta et al., 2014; Rodriguez-Rodriguez et al., 2016; Tosquy-Valle et al.,
2024). Moreover, they generally do not apply fungicides due to the increased production
costs (Tosquy-Valle et al., 2013). The use of fungicides, the implementation of agronomic
practices such as zero tillage, and the cultivation of improved varieties with high-yield
potential and resistant or tolerant to web blight and angular leaf spot can significantly
reduce yield losses and increase crop productivity (Rodriguez et al., 1999; Tosquy-Valle e
al., 2013).

The objective of this study was to identify black bean genotypes resistant to web blight
and angular leaf spot under field conditions, with higher grain yield than the Negro Jamapa

cultivar, which is commonly used by farmers in Veracruz, Mexico.
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MATERIALS AND METHODS

During the 2019-2020 autumn-winter agricultural cycle (September-February), a
bean trial was conducted under residual moisture conditions in two locations within the
municipality of Orizaba, in the Las Altas Montafias region of central Veracruz, Mexico:
Rincén Grande (18° 51° N, 97° 06° W, altitude 1,248 m) and Rincén Chico (18° 50’ N,
97° 05’ W, altitude 1,191 m). The soils in both locations have a sandy loam texture, a high
organic matter content (5.96% and 5.90%, respectively), and a moderately acidic pH (6.51
and 5.85, respectively).

Eleven advanced black bean lines were evaluated: five derived from the Negro
Papaloapan/SEN 46 cross, three from the Negro Citlali/ XRAV-187-3 cross, and three
from the Jamapa Plus/XRAV-187-3 cross, along with the varieties Negro Medellin
(Lépez-Salinas & Acosta-Gallegos, 2002), Verdin (Tosquy-Valle et al., 2016) and Negro
Jamapa, as the regional control. All these materials were developed for the tropical areas
of southeastern Mexico by the National Institute of Forestry, Agricultural, and Livestock
Research (INIFAP).

The genotypes were planted at a density of 250,000 plants ha”', in a randomized
complete block design with three replications and experimental plots consisting of three
5-meter-long rows, with the useful plot corresponding to the entire central row. Agronomic
management was carried out according to the recommendations of INIFAP for bean
cultivation in Veracruz (Lépez-Salinas et al., 2017).

During the trial, rainfall was recorded, and at the R8 stage (pod filling) of the genotypes,
the severity of web blight was visually assessed in Rincén Grande and angular leaf spot in
Rincén Chico. The general 1 to 9 scale from CIAT was used to evaluate the reaction of the
black bean germplasm to fungal pathogens (van Schoonhoven & Pastor-Corrales, 1987),
where a reaction score of 1 to 3 is considered resistant (no or very mild symptoms), 4 to 6 is
intermediate (visible symptoms causing limited economic damage), and 7 to 9 is susceptible
(severe to very severe symptoms, causing significant yield loss or plant death). After harvest,
the grain yield was determined in each useful plot, adjusted to 14% moisture content, and
expressed in kilograms per hectare.

Individual analyses of variance were performed for the quantified variables and a
combined analysis for grain yield. The Least Significant Difference test at a 5% probability
level (LSD, a=0.03) was applied for mean separation (SAS Institute, 1999). Correlation
analyses were also performed between the average severity values of each disease and the
grain yield of the genotypes at each trial site to determine if these diseases caused significant
damage to bean production (Olivares, 1994).

RESULTS AND DISCUSSION

Significant differences (p=<0.01) between treatments were detected in the individual
analyses of variance for all quantified variables (Table 1), indicating that the genotypes
showed differences in their reaction to web blight and angular leaf spot, as well as in their
productive capacity.

In Rincén Grande, the high relative humidity (>85%) due to constant rainfall during

the reproductive phase of the crop, and moderate to high temperatures (between 19 and
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Table 1. Mean squares and statistical significance of quantified variables in the black bean genotypes trial in

two environments of the Las Altas Montanas region, central Veracruz state. Fall-winter cycle of 2019-2020.

SV DF | Web blight' Grain yield' A“g:l::}eaf Grain yield?
Treatments 13 4,690 171881.53%+ 2.703% 420000.00%+
Blocks 2 2.952 32834.00 2.167 3056.00
Error 26 0.773 94293.85 0.731 47894.15
Total 41
CV (%) 22.11 13.46 26.79 7.93

SV: source of variation. DF: degrees of freedom. 1: Rincén Grande. 2: Rincén Chico. **: Significant at 0.01
level. CV: coefficient of variation

30 °C), favored the incidence of web blight starting from the beginning of the pod-filling
stage, which significantly reduced grain yield (r=—0.810%*). These results confirm what
was reported by Takegami et al. (2004) and Costa-Coclho et al. (2014), in the sense that
greater damage caused by web blight results in lower bean grain yield. The three lines
derived from the cross Jamapa Plus/ XRAV-187-3, along with the lines Negro Papaloapan/
SEN 46-3-2 and Negro Papaloapan/SEN 46-2-6 and the variety Verdin, showed resistance
to this disease, with average severity ratings between 2.0 and 3.33 (Table 2).

Table 2. Resistance reaction of black bean genotypes to web blight and angular leaf
spot in two environments of the Las Altas Montanas region of Veracruz, Mexico. Fall-
winter cycle of 2019-2020.

Scale of 1 to 97
Genotype
Web blight Angular leaf spot
Negro Papaloapan/SEN 46-2-6 3.33 cde 2.67 cd
Negro Papaloapan/SEN 46-3-2 2.00e 4.00 abc
Negro Papaloapan/SEN 46-7-7 4.33 bed 4.00 abc
Negro Papaloapan/SEN 46-7-10 4.33 bed 3.00 bed
Negro Papaloapan/SEN 46-7-12 4.33 bed 2.00d
Negro Citlali/ XRAV-187-3-1-5 5.67 ab 2.67 cd
Negro Citlali/ XRAV-187-3-1-6 5.33 ab 3.00 bed
Negro Citlali/ XRAV-187-3-1-8 4.67 abc 2.67 cd
Jamapa Plus/XRAV-187-3-1-2 3.33 cde 3.33 bed
Jamapa Plus/XRAV-187-3-4-1 2.00e 2.00d
Jamapa Plus/XRAV-187-3-4-4 3.00 de 3.33 bed
Negro Medellin 4.33 bed 5.33a
Negro Jamapa (Regional control) 6.00 a 4.33 ab
Verdin 3.00 de 2.33d
Environment average 3.97 3.19
LSD (0.05) 1.476 1.435

t Severity values using the general scale of 1 to 9 (van Schoonhoven & Pastor-Corra-
les, 1987). Means with the same letters in each column of averages are statistically
similar according to the Least Significant Difference (LSD, 0.05).
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In contrast, the variety Negro Jamapa was the most affected by web blight, with
damage statistically similar to that shown by the three lines derived from the cross
Negro Citlali/ XRAV-187-3 and significantly higher than the rest of the genotypes
(Table 2). The resistance of Verdin and the susceptibility of Negro Jamapa to web
blight have already been documented (Rodriguez-Rodriguez et al., 2016; Tosquy-Valle
et al., 2023).

In Rincén Chico, angular leaf spot appeared towards the end of the pod filling
stage, so it did not significantly affect yield (r=—0.454 ns). These results are consistent
with those reported by Lépez-Salinas ez al. (2006) in Medellin, Veracruz, and Tosquy-
Valle et al. (2012) in Tecamachalco, Puebla, who also found a negative and significant
relationship with grain yield in the presence of this disease from pod formation to filling.

Most of the genotypes had average severity ratings between 2.0 and 3.3, indicating
that they only showed mild symptoms of angular leaf spot (van Schoonhoven & Pastor-
Corrales, 1987), while the variety Negro Medellin was the most affected with an average
severity value of 5.33, statistically similar to that of the variety Negro Jamapa and the lines
Negro Papaloapan/SEN 46-3-2 and Negro Papaloapan/SEN 46-7-7, and significantly
higher than the rest of the genotypes (Table 2).

Among the genotypes resistant to web blight in Rincén Grande, the three lines derived
from the cross Jamapa Plus/XRAV-187-3 and the variety Verdin also stood out for their
grain yield, which was statistically similar to that of the line Papaloapan/SEN 46-7-12. In
contrast, the two lines derived from the cross Negro Citlali/ XRAV-187-3 and the variety
Negro Jamapa (which showed the greatest damage caused by this disease) were the least
productive (Table 3).

In turn, in Rincén Chico, the lines Jamapa Plus/XRAV-187-3-4-4, Jamapa Plus/
XRAV-187-3-4-1, and Negro Citlali/ XRAV-187-3-1-6, as well as the variety Verdin, were
the most productive with a grain yield greater than 3000 kg ha™ ', statistically similar to
each other, while Negro Jamapa and Negro Medellin, which showed higher severity values
for angular leaf spot, were the least productive (Table 3).

According to the combined analysis, yield also varied significantly between
environments, genotypes, and their interaction (P<0.01). The highest average yield was
obtained in Rincén Chico (Table 3), largely due to the favorable humidity (total rainfall of
374.1 mm) and temperature (average of 17.8 °C) conditions during the crop cycle, even
though angular leaf spot was present, it did not significantly affect bean yield. In contrast,
in Rincén Grande, despite beans were sown in soil rich in organic matter with a pH close
to neutrality, optimal for crop development (Edmeades et al., 2012; Kyomuhendo et al.,
2020), the presence of web blight significantly reduced bean yield.

In the genotype factor, eight lines and the Verdin variety were placed in the outstanding
group for average grain yield, with Jamapa Plus/ XRAV-187-3-4-4 and Jamapa Plus/ XRAV-
187-3-4-1 being the most productive. The first line has shown significantly outstanding
average grain yields in previous evaluations conducted in different environments with
fungal and viral disease incidence in the states of Veracruz and Chiapas (Tosquy-Valle
et al., 2019). On the other hand, the Negro Jamapa variety was the least productive,

mainly due to significant damage from web blight and angular leaf spot, with its average
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Table 3. Grain yield of black bean genotypes evaluated in two environments in the Las Altas Montafas
region of Veracruz, Mexico. Autumn-winter cycle of 2019-2020.

Genotype Rincén Grande' Rincén Chicol Average
Negro Papaloapan/SEN 46-2-6 1166.67 cd 2718.67 def 1942.67 abc
Negro Papaloapan/SEN 46-3-2 1233.33 bed 2933.33 bed 2083.33 ab
Negro Papaloapan/SEN 46-7-7 1222.00 bed 2654.67 def 1938.33 abc
Negro Papaloapan/SEN 46-7-10 1117.67d 2503.33 ef 1810.50 be
Negro Papaloapan/SEN 46-7-12 1326.67 abcd 2662.00 def 1994.33 ab
Negro Citlali/ XRAV-187-3-1-5 789.00 f 2531.00 ef 1660.00 bc
Negro Citlali/ XRAV-187-3-1-6 715.33 f 3227.67 ab 1971.50 ab
Negro Citlali/ XRAV-187-3-1-8 1131.00 cd 2528.33 ef 1829.67 be
Jamapa Plus/XRAV-187-3-1-2 1388.67 abc 2827.00 cde 2107.83 ab
Jamapa Plus/XRAV-187-3-4-1 1462.33 ab 3260.33 ab 2361.33 a
Jamapa Plus/XRAV-187-3-4-4 1497.67 a 3315.00 a 2406.33 a
Negro Medellin 1069.00 de 2364.33 fg 1716.67 be
Negro Jamapa (Regional control) 849.00 ef 2021.00 g 1435.00 ¢
Verdin 1244.33 abcd 3093.67 abc 2169.00 ab
Environment average 1158.05b 2760.02 a 1959.03
LSD (0.05) 353.66 367.38 518.91

' Yield in kgha™ !. Means with the same letters in each column are statistically similar according to the Least
Significant Difference (LSD, 0.05).

yield statistically similar to that of the Negro Medellin variety and the lines Negro Citlaly/
XRAV-187-3-1-5, Negro Papaloapan/SEN 46-7-10, and Negro Citlali/ XRAV-187-3-1-8
(Table 3).

The highly significant effect of the interaction between both factors indicated that the
productive response of some genotypes varied with the evaluation environment; this is the
case of the line Negro Citlali/ XRAV-187-3-1-6, which in Rincén Grande showed a lower
grain yield, primarily due to damage caused by web blight, while in Rincén Chico, under
adequate humidity and temperature conditions during the crop cycle, it was among the
most productive. Similarly, the line Negro Papaloapan/SEN 46-7-12, which in Rincén
Grande, in the presence of web blight, obtained a significantly outstanding grain yield,
statistically similar to the most productive line (Jamapa Plus/XRAV-187-3-4-4), whereas in
Rincén Chico, despite only showing mild symptoms of angular leaf spot, it was one of the
least productive (Table 3).

CONCLUSIONS

Under the environmental conditions of the Las Altas Montafas region of Veracruz,
Mexico, the lines Jamapa Plus/XRAV-187-3-4-4, Jamapa Plus/XRAV-187-3-4-1, and
Jamapa Plus/XRAV-187-3-1-2, as well as the variety Verdin, showed resistance to web
blight and angular leaf spot, and were the ones with the highest average yield, significantly
superior to that of Negro Jamapa, the regional control.



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/agrop.v18i2.3263 215

ACKNOWLEDGEMENTS

The authors would like to thank INIFAP for all the facilities and financial support provided for the conduct
of this study, through the project “Development of high-yielding, widely adapted black bean genotypes with
resistance to rust and anthracnose for the humid tropics of Veracruz and Chiapas,” with SIGI number

11183934486.

REFERENCES

Araya-Fernandez, C.M, & Herndndez-Fonseca, J.C. (2006). Guia para la identificacién de las enfermedades
del frijol mds comunes en Costa Rica. Ministerio de Agricultura. San José, Costa Rica. 44 p.

Atilio, C.C. & C.H. Reyes C. (2008). Guia técnica para el manejo de variedades de frijol. Ministerio de
Agricultura y Ganaderia. Centro Nacional de Tecnologia Agropecuaria y Forestal. La Libertad, El
Salvador. 23 p.

Becerra-Leor, E.N., Ibarra-Pérez, I]., Tosquy-Valle, O.H., & Lépez-Salinas, E. (2021). Enfermedades que
afectan el cultivo de frijol en Veracruz. Folleto Técnico No. 98. SADER. INIFAP. CIRGOC. Campo
Experimental Cotaxtla. Medellin, Veracruz, México. 38 p.

Costa-Coelho, G.R., Café-Filho, A.C., Correa & Lobo Jr, M. (2014). A comparison of web blight epidemics
on common bean cultivars with different growth habits. Crop Protection, 55(1):16-20. http://doi.
org/10.1016/j.cropro.2013.10.006

Edmeades, D.C., Wheeler, D.M., & Waller, J.E. (2012). Comparison of methods for determining lime
requirements of New Zealand soils. New Zealand Journal of Agricultural Research, 28(1):93-100. https://
doi.org/10.1080/00288233.1985.10427001

Galvez, E.G., Mora, B., & Pastor-Corrales, M.A. (1989). Web blight. p. 195-209. In: Schwartz, H.F. and ML.A.
Pastor-Corrales (eds.). Bean production problems in the tropics. Centro Internacional de Agricultura
Tropical. Cali, Colombia.

Garza-Garcia, R., Garza-Garcia, D. & Campos-Escudero, A. (2009). Enfermedades del frijol en el estado de
Hidalgo. Guia para su identificacién y control. Folleto Técnico No. 30. SAGARPA. INIFAP. CIRCE.
Campo Experimental Valle de México. Chapingo, Edo. de Méx., México. 31 p.

Kyomuhendo, P., Tenywa, M.M., Semalulu, O., Lenssen, A., Yost, R., Mazur, R., & Kyebogola, S. (2020). Lime
requirements for bean production on two contrasting soils of Lake Victoria Crescent agro-ecological
zone. African Journal of Agricultural Research, 15(4):531-537. https://doi.org/10.5897/AJAR2019.14455

Lépez-Salinas, E., & Acosta-Gallegos, J.A. (2002). Negro Medellin, nueva variedad de frijol (Phaseolus vulgaris
L.) para la regién trépico himedo de México. Agricultura Técnica en Mexico, 28(2):175-177.

Lépez-Salinas, E., Tosquy-Valle, O.H., Villar-Sdnchez, B., Becerra-Leor, E.N., Ugalde-Acosta, FJ., &
Cumpian-Gutiérrez, J. (2006). Adaptabilidad de genotipos de frijol resistentes a enfermedades y a
suelos dcidos. Revista Fitotecnia Mexicana, 29(1):33-39. https://doi.org/10.35196/rfm.2006.1.33

Lépez-Salinas, E., Tosquy-Valle, O.H., & Ibarra-Pérez, IJ. (2017). Frijol. p. 33-36. In: Zetina, L. R. y S. Uribe
G. (comps.). Agenda Técnica Agricola Veracruz. SAGARPA. INIFAP. COFUPRO. México, D. F.

Olivares, S.E. (1994). Paquete estadistico de disefios experimentales (programa de cémputo) versién 2.5.
Facultad de Agronomia de la Universidad Auténoma de Nuevo Le6n. Marin, N. L., México.

Pedroza-Sandoval, A., Samaniego-Gaxiola, J.A., Chdvez-Rivero, J.A. (2010). Fitosanidad en tres variedades
de frijol (Phaseolus vulgaris L.) en condiciones favorables y desfavorables de humedad edafica. Revista
Chapingo Serie Zonas Aridas, 9(1):53-59.

Rodriguez, E., Lorenzo, E., Acosta, M., Gonzalez, F., Mora, B., & Godoy, G. (1999). Manejo de la mustia
hilachosa (Thanatephorus cucumeris) (Frank) en el cultivo del frijol (Phaseolus vulgaris L.). Agronomia
Mesoamericana, 10(1):99—-108.

Rodriguez-Rodriguez, J.R., Tosquy-Valle, O.H., & Lépez-Salinas, E. (2016). Rendimiento y reaccién a la mustia
hilachosa de genotipos de frijol en el norte de Veracruz. p. 19-23. In: XXVIII Reunién Cientifica-
Tecnoldgica, Forestal y Agropecuaria Tabasco 2016 y V Simposio Internacional en Produccién
Agroalimentaria Tropical “Innovacién Tecnoldgica para la Seguridad Alimentaria”. Villahermosa,
Tabasco, México.

Rosales-Serna, R., Acosta-Gallegos, J.A., Muruaga-Martinez, J.S., Hernandez-Casillas, J.M., Esquivel-
Esquivel, G., & Pérez-Herrera, P. (2004). Variedades mejoradas de frijol del Instituto Nacional de
Investigaciones Forestales, Agricolas y Pecuarias. Libro Técnico No. 6. SAGARPA. INIFAP. CIRCE.
Campo Experimental Valle de México. Chapingo, Edo. de Mex., México. 148 p.

SAS Institute (Institute Statistical Analysis Systems). (1999). SAS/STAT user’s guide. Version 8.0. SAS Institute.
Cary, NC, USA.



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/agrop.v18i2.3263 216

Takegami, J.C., Beaver, ].S., Godoy-Lutz, G., Echavez-Badel, R., & Steadman, J.R. (2004). Inheritance of web
blight resistance in common bean. The jJournal of Agriculture of the University of Puerto Rico, 88(1-2):45-54.
https://doi.org/10.46429/jaupr.v88i1-2.2734

Tosquy-Valle, O.H., Villar-Sanchez., B., Rodriguez-Rodriguez, J.R., Ibarra-Pérez, I']J., Zetina-Lezama, R.,
Andrés-Meza, P., Anaya-Lépez, J.L. (2019). Adaptacién de genotipos de frijol negro a diferentes
ambientes de Veracruz y Chiapas. Revista Mexicana de Ciencias Agricolas, 10(6):1301-1312. http://doi.
org/10.29312/remexca.v10i6.1658

Tosquy-Valle, O.H., Lépez-Salinas, E. Villar-Sdnchez, B., Acosta-Gallegos, J.A., & Rodriguez-Rodriguez, J.R.
(2016). Verdin: variedad de frijol negro tolerante a sequia terminal para Veracruz y Chiapas, México.
Revista Mexicana de Ciencias Agricolas, 7(7):1775-1780. https://doi.org/10.29312/remexca.v7i7.170

Tosquy-Valle, O.H., Lépez-Salinas, E., Becerra-Leor, E.N., Esqueda-Esquivel, V.A., & Rodriguez-Rodriguez,
J.R. (2013). Reaccién a mancha angular y productividad de genotipos de frijol con y sin aplicacién
de fungicida. Revista Mexicana de Ciencias Agricolas, 4(1):167-174. https://doi.org/10.29312/remexca.
v4i1.1269

Tosquy-Valle, O.H., Lépez-Salinas, E., Esqueda-Esquivel, V.A., Acosta-Gallegos, J.A., Ugalde-Acosta,
IJ., & Villar-Sanchez, B. (2012). Rendimiento y reaccién a enfermedades de genotipos de frijol en
condiciones de temporal y humedad residual. Revista Mexicana de Ciencias Agricolas, 3(4):727-737. http://
doi.org/10.29312/remexca.v3i4.1426

Tosquy-Valle, O.H., Ibarra-Pérez, IJ., & Esqueda-Esquivel, V.A. (2024). Seed yield and reaction to web
blight and angular leaf spot of black bean genotypes in Veracruz, México. Annual Report of the Bean
Improvement Cooperative, 67:97-98.

Tosquy-Valle, O.H., Ibarra-Pérez, I']J., Rodriguez-Rodriguez, J.R., Esqueda-Esquivel, V.A., & Andrés-Meza, P.
(2023). Adaptation and disease resistance of elite tropical black bean lines. Legume Research, 46(9):1126-
1133. https://doi.org/10.18805/LRF-728

Ugalde-Acosta, FJ., Lépez-Salinas, E., Lépiz-Idelfonso, R., Viana-Ruano, A., & Leyva-Vela, S. (2014).
Produccién artesanal de semilla de frijol con participacién municipal en Veracruz, México. Agronomia
Mesoamericana, 25(1):35-44.

Van Schoonhoven, A. & Pastor-Corrales ML.A. (comps). (1987). Sistema estdndar para la evaluacién de
germoplasma de frijol. Centro Internacional de Agricultura Tropical. Cali, Colombia. 56 p.



	_GoBack
	_GoBack
	_Hlk147669408
	_Hlk119937097
	_Hlk172668704
	_Hlk172668720
	_Hlk172668524
	_Hlk172670530
	_Hlk167180407
	_Hlk189214618
	_Hlk189214640
	_Hlk167182435
	_Hlk167100546
	_Hlk167106723
	_Hlk164080391
	_Hlk167185437
	_Hlk167186386
	_GoBack
	_Hlk177974051
	_GoBack
	_Hlk176961055
	_GoBack
	_GoBack
	_Hlk185284267
	_GoBack
	_Hlk185275600
	_GoBack
	_GoBack
	_Hlk181429562
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk180508785
	_Hlk180508819

