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Abstract. Research objective was to assess

phytosanitary response and epidemiological
behavior in 12 Phaseolus vulgaris genotypes and
develop etiological-epidemiological methodologies
applicable to plant breeding studies. In 2020 spring-
summer season, assessments were conducted
at flowering (June) and fructification stages
(August). Severity was evaluated with a 6-class

logarithmic-diagrammatic scale setup in App-
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Resumen. El objetivo de la investigacion fue
evaluar la respuesta fitosanitaria y comportamiento
epidemiologico en 12 genotipos de Phaseolus vul-
garis y desarrollar metodologias etiologico-epide-
miologicas aplicables a estudios de mejoramiento
genético. En ciclo primavera-verano 2020 se rea-
lizaron evaluaciones en fases de floracion (junio)
y fructificacion (agosto). La severidad porcentual
se evalud con escala logaritmica-diagramatica de
6-clases configurada en App-Monitor® v1.1. La
sanidad por genotipo se determind mediante un
Indice de Daiio Integrado (IDI), ponderando por
intensidad de severidad y corregido por vigor de
cobertura-planta (IV), calculado con imagenes
(RGB, 14mpx) de dron-Phantom-3 a 5 m altura
del centroide de genotipo. Se realizaron pruebas
de #-Student (p = 0.05) y ANOVAs, seguido de
Tukey (p = 0.05), con SAS v9.4 para las distintas
variables experimentales. Se analiz6 la dependen-
cia espacial de contagio con kriging y variogramas
omnidireccionales en SURFER v10. Un total de 43
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Monitor® v1.1. Genotype health was determined
using an Integrated Damage Index (IDI), weighted
and adjusted for disease severity and coverage-
plant vigor (IV), which was estimated with images
(RGB, 14mpx) captured with dron-Phantom-3 at
5 m height from genotype centroid. In SAS v9.4,
t-test and ANOVAs, followed by Tukey (p = 0.05),
were performed for different experimental settings.
Disease spatial patterns were analyzed with kriging
and omnidirectional variograms in SURFER v10.
Forty-three total samples were used for isolation,
pathogenicity testing, and molecular identification
with universal primers ITS1/ITS4, NIb2F/NIb3R,
PBL1v2040/PCR1c for eukaryotes,
and Begomovirus, respectively. Final data matrix
included 22 variables, 859 observations and 18,898
metadata. Alternaria alternata and Bean common
mosaic virus (BCMV) were identified in 100% of
samples analyzed with 99% homology. Vaquita

Potyvirus

Negro, Garrapato and Canario were statistically
the most susceptible genotypes (37.3 - 58%
severity) for BCMYV, while Canario and Tipo Flor
de Mayo (41.4-42.7%) were for A. alternata (p
= 0.05). Oti and Negro Perla had higher climatic
adaptability and tolerance to both pathogens
with IV > 0.7 and IDI < 0.43. Spatially, BCMV
presented random dispersion of foci and a block-
edge effect with continuous contagion of up to 5.6
meters. Vaquita Negro and Bayo Mecentral showed
uniform virus spread, presumptively due to high
viral transmissibility by seed. In contrast, except for
Tipo Flor de Mayo and Canario, which exhibited
significant coalescence of foci, A. alternata had
spatial dependence of less than 8 plants. Wind
and hail damage significantly favored A. alternata
infection (p = 0.05) suggesting its opportunistic
condition.

Key words: Virus, Fungi, Bean, Geostatistics,
Scales, Android application, Severity
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muestras se emplearon para aislamiento, pruebas
de patogenicidad e identificaciébn gendmica con
iniciadores universales ITS1/ITS4, NIb2F/NIb3R,
PBL1v2040/PCR1c para eucariotes, Potyvirus y
Begomovirus, respectivamente. La matriz final
incluy6 22 variables, 859 observaciones y 18,898
metadatos. En 100% de muestras analizadas se
identifico Alternaria alternata y Bean common
mosaic virus (BCMV) con 99% de homologia.
Vaquita Negro, Garrapato y Canario fueron esta-
disticamente los genotipos mas susceptibles (37.3 -
58% severidad) a BCMYV, mientras Canario'y Tipo
Flor de Mayo (41.4 - 42.7%) a A. alternata (p <
0.05). Oti y Negro Perla presentaron mayor adap-
tabilidad climatica y tolerancia a ambos patogenos
con [V > 0.7 e IDI < 0.43. Espacialmente, BCMV
present6 dispersion aleatoria de focos y efecto de
bordo-bloque con contagios continuos de hasta 5.6
metros. Vaquita Negro y Bayo Mecentral tuvieron
dispersion viral uniforme, presuntivamente por alta
transmisibilidad viral por semilla. En contraste,
con excepcion en Tipo Flor de Mayo y Canario,
que exhibieron coalescencia significativa de focos,
A. alternata tuvo dependencia espacial menor a 8§
plantas. El dafio por viento y granizo significativa-
mente favorecio la infeccion de A. alternata (p =
0.05) sugiriendo su naturaleza oportunista.

Palabras clave: Virus, Hongo, Frijol, Geoestadis-
tica, Escalas, Aplicacion Android, Severidad

Mesoamérica y Sudamérica, con poblaciones
genéticamente diferenciables, pero con un ances-
tro compartido, son el centro de origen y diversifi-
cacion del frijol comun (Phaseolus vulgaris), con
al menos 8000 anos de domesticaciéon (Rendon-
Anaya et al., 2017; Bitocchi et al., 2017). Se es-
timan aproximadamente 400 especies silvestres de
Phaseolus spp. con gran variabilidad morfologica y
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Mesoamerica and South America, with
genetically differentiable populations, but with
a shared ancestor, are the center of origin and
diversification of the common bean (Phaseolus
vulgaris), with at least 8000 years of domestication
(Rendoén-Anaya et al., 2017; Bitocchi et al., 2017).
Approximately 400 wild species of Phaseolus
spp. with great morphological and physiological
variability are estimated, of which five have been
domesticated: P. vulgaris, P. lunatus, P. coccineus,
P acutifolius and P. polyanthus (De Ron and
Santalla, 2013). Taxonomic and phylogenetic
studies estimate 52 species in Mexico, of which
55% are endemic, with Jalisco, Durango and
Oaxaca being the regions with the greatest diversity
(Delgado and Gama, 2015). In Mexico, the crop
has great historical agricultural, sociocultural,
economic and nutritional relevance. Its diversity
and productive adaptability are evidenced by more
than 100 registered varieties (SADER and SNICS,
2022), highlighting Otfi and black testa materials
such as Negro Perla, Negro Jamapa, and others,
for yield, grain quality, or resistance/tolerance to
plant pathogens. Worldwide, Mexico is the sixth
largest producer (FAOSTAT, 2022), and one of
the main per capita consumers with an annual
average of 10.4 kg. At the end of 2020, 1 086 733
t were reported, of which, 71% are concentrated
in Zacatecas (41%), Sinaloa (13%), Nayarit (9%),
Chiapas (6%), and Durango (4%) (SIAP, 2020).
This production satisfies 90% of domestic demand,
and 10% is imported from the USA, Canada and
China.

The prolonged process
and adaptation to diverse environments has
detonated parasitic processes of co-evolution
between Phaseolus spp. and different organisms,
highlighting 36 species of phytopathogenic fungi

of domestication

e.g., Alternaria alternata, Pseudocercospora

griseola, and Colletotrichum lindemuthianum
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fisioldgica, de las cuales cinco han sido domestica-
das: P. vulgaris, P. lunatus, P. coccineus, P. acuti-
folius y P. polyanthus (De Ron y Santalla, 2013).
Estudios taxondmicos y filogenéticos estiman 52
especies en México, de las cuales 55% son endémi-
cas, siendo Jalisco, Durango y Oaxaca las regiones
con mayor diversidad (Delgado y Gama, 2015). En
México, el cultivo tiene gran relevancia agricola,
sociocultural, econémica y nutricional historica. Su
diversidad y adaptabilidad productiva se evidencia
con mas de 100 variedades registradas e inscritas
(SADER y SNICS, 2022), destacando Ofi y mate-
riales de testa negra como Negro Perla, Negro Ja-
mapa y otros, por rendimiento, calidad de grano o
resistencia/tolerancia a fitopatdgenos. A nivel mun-
dial, México representa el sexto productor (FAOS-
TAT, 2022), y uno de los principales consumidores
per capita con 10.4 kg promedio anual. Al cierre
agricola 2020 se reportaron 1 086 733 t, de las cua-
les 71% se concentra en Zacatecas (41%), Sinaloa
(13%), Nayarit (9%), Chiapas (6%) y Durango
(4%) (SIAP, 2020). Esta produccion satisface 90%
de la demanda nacional y 10% se importa de EUA,
Canada y China.

El prolongado proceso de domesticacion y
adaptacion a diversos ambientes ha detonado pro-
cesos coevolutivos parasiticos entre Phaseolus spp.
y diferentes organismos, destacando 36 especies de
hongos fitopatégenos p.e., Alternaria alternata,
Pseudocercospora griseola 'y Colletotrichum linde-
muthianum (Berrouet-Vanegas et al., 2014); 26 or-
ganismos virales p.e., Bean common mosaic virus,
Bean golden yellow mosaic virus y Bean common
mosaic necrotic virus (Flores-Estévez et al., 2003);
22 especies de nematodos p.e., Dolichodorus hete-
rocephalus 'y Aphelenchoides ritzemabosi (Bird y
Warner, 2018); nueve oomycetos p.e., Phytophtho-
ra nicotianae 'y Pythium irregulare (Watanabe et
al., 2007); y seis especies bacterianas (p.e., Pseu-
domonas syringae pv. syringae, Curtobacterium
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(Berrouet-Vanegas et al., 2014); 26 viral
organisms, e.g., Bean common mosaic virus,
Bean golden yellow mosaic virus, and Bean
common necrotic mosaic virus (Flores-Estévez et
al.,2003); 22 nematode species, e.g., Dolichodorus
heterocephalus, and Aphelenchoides ritzemabosi
(Bird and Warner, 2018); nine oomycetes, e.g.,
Phytophthora nicotianae, and Pythium irregulare
(Watanabe et al., 2007); and six bacterial species
(e.g.
Curtobacterium flaccumfaciens, and Xanthomonas

Pseudomonas  syringae pv. syringae,
axonopodis pv. phaseoli) (Torres et al., 2009;
Gent et al., 2005). Some of these organisms can
be endemic, cause syndromes, or occur in mixed
infections compromising yield and varietal stability
(Pedroza-Sandoval et al., 2013; Lepe-Soltero et al.,
2012; Mena and Velazquez, 2010; Estrada-Gomez
et al., 2004; Flores-Estévez et al., 2003).

Seed, as the main sowing practice for P
vulgaris, represents one of the main risks for the
dissemination of Potyvirus, Begomovirus and
fungi such as Alternaria spp. (Subramanya, 2013).
These organisms are widely distributed in Mexico,
although with limited epidemiological studies.
Systemic viral infections in beans, from infected
seed, may cause greater productive detriment and
loss of plant vigor due to chronic physiological
alterations. Symptomatically, these can be expressed
as poor plant development, dwarf, flower, and fruit
abortion, and mosaics of yellow to golden tones,
chlorosis, epinasty, distortion, and greening of the
nervures on leaves (Rojas et al., 2018). In addition,
75% of bean pathogenic viruses are associated with
insect vectors (aphids and whiteflies) increasing
transmission and dispersal between plants and
crop fields (Gilbertson et al., 2015). Among fungal
problems, Alternaria spp. is not considered of high
productive impact on beans despite its endemic
status and to cause a typical blight with concentric
necrotic spots affecting leaf tissue, pods and seeds
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flaccumfaciens 'y Xanthomonas axonopodis pv.
phaseoli) (Torres et al., 2009; Gent et al., 2005).
Algunos de éstos organismos pueden ser endémi-
cos, presentar sindromes u ocurrir en infecciones
mezcladas comprometiendo la produccion y estabi-
lidad de variedades (Pedroza-Sandoval et al., 2013;
Lepe-Soltero et al.,2012; Mena y Velazquez, 2010;
Estrada-Gomez et al., 2004; Flores-Estévez et al.,
2003).

La semilla, como principal medio de siembra de
P. vulgaris, representa uno de los principales ries-
gos de diseminacion de Potyvirus, Begomovirus y
hongos como Alfernaria spp. (Subramanya, 2013).
Estos organismos tienen amplia distribucion en
México, aunque con limitados estudios epidemio-
logicos. Infecciones virales sistémicas en frijol, a
partir de semilla infectada, causan mayor detrimen-
to productivo y pérdida de vigor de planta debido
a las alteraciones fisiologicas cronicas, las cuales
se expresan sintomatologicamente por disminucion
en desarrollo vegetativo, enanismo, aborto de flo-
res y frutos, y en hojas con mosaicos de tonalidades
amarillas a dorado, clorosis, epinastia, distorsion y
enverdecimiento de nervaduras (Rojas et al., 2018).
Adicionalmente, 75% de virus fitopatdogenos en
frijol estan asociados a insectos-vectores (afidos y
moscas blancas) en transmision y dispersion entre
plantas y sembradios del cultivo (Gilbertson et al.,
2015). Entre los problemas fungosos, Alternaria
spp., no es considerado de alto impacto productivo
en frijol a pesar de su condicion endémica y causar
un tizon tipico con manchas necroticas concéntri-
cas que afectan tejido foliar, vainas y semillas con
defoliacion en fases avanzadas (Mena y Velazquez,
2010). La transmision de Alternaria spp. por semi-
lla representa un riesgo fitosanitario adicional que
debe investigarse (Prasad y Ahir, 2013; Moraes y
Menten, 2006).

En el cultivo de frijol, estratégico en la seguri-
dad alimentaria de México, estudios sistematicos
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with defoliation in advanced stages (Mena and
Velazquez, 2010). The transmission of Alternaria
spp. by seed represents an additional phytosanitary
risk that should be investigated (Prasad and Ahir,
2013; Moraes and Menten, 2006).

In the bean crop, strategic in Mexico’s food
security, systematic and comprehensive studies
that articulate health, genetic, and production are
limited. This approach would represent a paradigm
shift that implies a regional, multidimensional
and multi-pest vision to analyze the parasitic
and epidemiological processes associated with
production risks (Mora-Aguilera ef al., 2021). The
objective of this research was to develop etiological-
epidemiological methodologies applicable to
breeding programs in bean (P. vulgaris) with an
integral productive and phytosanitary aim. For this
purpose, 12 genotypes of P. vulgaris, exposed to
natural infections of plant pathogens, were studied
in two contrasting phenological events during the
spring-summer 2020 season in a region of Mexican
central highlands.

MATERIALS AND METHODS

Experimental unit. In May 2020, spring-summer
season, a 5 000 m? plot was selected at the
Colegio de Postgraduados Campus Montecillo,
Texcoco, Mexico State. Twelve Phaseolus vulgaris
genotypes were sown in randomized blocks:
Bayo Mecentral, Flor de Mayo, Tipo Flor de
Mayo, Pinto Texcoco, Canario, Negro Mixteco,
Negro Querétaro, Negro Perla, Vaquita Negro,
Garrapato, OTI, and Segregante OTI (Figure 1A).
Each genotype was established in 25 rows 13 m
long with 80 cm, and 2 m spacing between furrows
and blocks, respectively. A barrier of five maize
(Zea mays) rows delimited the experimental area.
A semi-technological agronomic management
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e integrales que articulen sanidad, genotecnia y
produccion son limitados. Este enfoque represen-
taria un cambio de paradigma que implica una vi-
sion regional, multidimensional y multiplaga para
analizar procesos parasiticos y epidemiologicos
asociados a riesgos productivos (Mora-Aguilera et
al., 2021). El objetivo de esta investigacion fue de-
sarrollar metodologias etioldgico-epidemioldgicas
aplicables a estudios de mejoramiento genético del
frijol (P. vulgaris) con un propoésito integral pro-
ductivo y fitosanitario. Para este fin se estudiaron
12 genotipos de P vulgaris, expuestos a proce-
sos naturales de infeccion microbiologica, en dos
eventos fenologicos contrastantes durante el ciclo
primavera-verano 2020 en una region del altiplano
mexicano.

MATERIALES Y METODOS

Unidad experimental. En mayo 2020, ciclo pri-
mavera-verano, se selecciond una parcela de 5 000
m?en el Colegio de Postgraduados Campus Mon-
tecillo, Texcoco, Estado de México. Se sembraron
en bloques aleatorios 12 genotipos de Phaseolus
vulgaris: Bayo Mecentral, Flor de Mayo, Tipo Flor
de Mayo, Pinto Texcoco, Canario, Negro Mixteco,
Negro Querétaro, Negro Perla, Vaquita Negro, Ga-
rrapato, OTI y Segregante OTI (Figura 1A). Cada
genotipo se establecid en 25 surcos de 13 m de lar-
go con 80 cm y 2 m de separacidn entre surco y blo-
ques, respectivamente. Una barrera de cinco surcos
de maiz (Zea mays) delimit6 el area experimental.
Se aplicé un manejo agronémico semitecnificado
con actividades convencionales de fertilizacion,
aporque, control de malezas y riego rodado com-
plementario. En el centroide de la unidad experi-
mental se instald un sensor climatico HOBO u23
Pro v2 para medicion de humedad relativa (HR)
y temperatura (°C) a intervalos de 30 min entre
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Tipo Flor de Maype:

Clase 0 Clase 1 Clase 2

|

Ias 3 Clase 4 Clase 5

LI PMC LS LI PMC Ls LI PMC LS LI PMC Ls LI PMC LS LI PMC LS
00 0.0 00 01 08 20 21 32 65 66 9.7 179 18 26 455 456 65 >65
Figure 1. A) Experimental design of 12 Phaseolus vulgaris genotypes randomly distributed under field conditions. Aerial

Figura 1.

image captured on June 2, 2020, at 50 m from the centroid of the experimental unit using a Phantom 3 DJI®
drone. Six-class logarithmic-diagrammatic scale to evaluate virus disease severity, estimated with percentage of
mosaic-chlorosis-deformation leaf tissue in a 70 cm row-section (B), and to evaluate blight severity estimated with
percentage of necrotic leaf area (C). The scale values apply to both diseases. LI, LS and PMC correspond to the
lower, upper and midpoint of class in percentage units, respectively. Spring-Summer 2020 cycle.

A) Diseiio experimental de 12 genotipos de Phaseolus vulgaris distribuidos al azar en condiciones de campo.
Imagen aérea captada el 2 de junio 2020 a 50 m del centroide del bloque experimental mediante un dron Phantom
3 DJI®. Escala logaritmica-diagramatica de seis clases para evaluar severidad viral, estimado con porcentaje
de tejido foliar clordtico en una seccion de 70 cm de surco (B), y para evaluar severidad de tizon estimado con
porcentaje de area foliar necroético (C). Los valores de la escala aplican para ambas enfermedades. LI, LS y PMC
corresponden a los limites inferior, superior y punto medio de clase en unidades porcentuales, respectivamente.
Ciclo Primavera-Verano 2020.
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was implemented with conventional fertilization,
hilling,
irrigation. A HOBO u23 Pro v2 climate sensor was
installed at the centroid of the experimental unit to
measure relative humidity (RH) and temperature
(°C), at 30 min intervals, between 1-June and
15-August 2020. Complementarily climatic data
were obtained from the meteorological station of
the Colegio de Postgraduados Campus Montecillo.

weed control, and complementary

Experimental variables and severity. Using App-
Monitor® v1.1 Android®, available at PlayStore®
(CP-LANREF, 2021), the coordinates, spatial
location (state, municipality, and locality), crop
name, plotextension, crop phenology, technification,
irrigation, plantation density, and owner’s name
were recorded in the characterization digital
module. Epidemiological variables were evaluated
in 13 plants/row in 5-6 rows/genotype by means
of a 1 x 2 discontinuous systematic sampling. Two
evaluations were made, one on flowering (6-June),
and other on the fruit setting stage (10-August).
Per plant, the virus symptoms severity, and leaf
blight, the two infectious problems with the highest
occurrence among genotypes, were evaluated. In
addition, the presence or absence of Bemisia sp. and
Aphis spp., as potential virus vectors, was reported.
Percentage of severity was evaluated using a 6-class
logarithmic-diagramatic scale (Gonzalez-Cruces et
al., 2020). Class midpoint (CMP), lower limit (LL)
and upper limit (UL) were calculated in 2-Log v2.0
employing the parameters of Number of classes = 6
and ¥ =65% (CP-LANREF, 2018. Unpublished).
With virus symptoms, severity represented the
percentage of mosaic-chlorosis-deformation tissue
in a 70 cm row-section (Figure 1B); in blight,
severity indicated the necrotic percentage of leaf
area of the most infected leaflet/plant (Figure
1C). The severity scales were configured in App-
Monitor®. A total of 12 assessors performed the
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I-junio y 15-agosto 2020. Complementariamente
se obtuvieron datos climaticos de la estacion me-
teoroldgica del Colegio de Postgraduados Campus
Montecillo.

Variables experimentales y severidad. Median-
te App-Monitor® v1.1 Android®, disponible en
PlayStore® (CP-LANREF, 2021), se registrd en el
modulo digital de caracterizacion las coordenadas,
ubicacion espacial (estado, municipio y localidad),
nombre del cultivo, superficie, fenologia, tecnifi-
cacion, riego, densidad de plantacion y nombre de
propietario. Las variables epidemiolégicas se eva-
luaron en 13 plantas/surco en 5-6 surcos/genotipo
mediante un muestreo sistemdtico discontinuo 1 x
2. Se realiz6 una evaluacion en el evento fenolo-
gico de floracion (6-junio) y otra en fructificacion
(10-agosto). Por planta, se evalud la severidad de
sintomas virales y de un tizén foliar, los dos pro-
blemas infecciosos con mayor ocurrencia entre
genotipos. Adicionalmente, se reportd presencia o
ausencia de Bemisia sp. y Aphis spp., como poten-
ciales vectores de virus.

El porcentaje de severidad se evalué mediante
una escala logaritmica-diagramatica de 6-clases
(Gonzalez-Cruces et al., 2020). El punto medio de
clase (PMC), limite inferior (LI) y superior (LS)
se calcularon en 2-Log v2.0 empleando los pa-
rametros de Numero de clases = 6y Y = 65%
(CP-LANREF, 2018. No publicado). En virosis,
la severidad represento el porcentaje de tejido con
mosaico-clorosis-deformacion en una seccion de
70 cm de surco (Figura 1B); en tizon, la severidad
indico el porcentaje necrodtico de area foliar del fo-
liolo més infectado/planta (Figura 1C). Las escalas
de severidad se configuraron en App-Monitor®. Un
total de 12 evaluadores realizaron las mediciones
en cada fecha. Los datos se almacenaron en la App
y posteriormente se exportaron en MS Excel para
integracion de la matriz epidemiologica y analisis
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measurements on each date. Data were stored in the
App and subsequently exported in MS Excel for
integration of the epidemiological data matrix and
further system approach analysis (Mora-Aguilera
etal.,2021).

Vigor Index. A coverage-plant vigor analysis was
carried out during the flowering stage, assisted by
14 mpx RGB digital aerial images captured by a
DJI® Phantom 3 drone between 15:00 and 17:00
h. The flights were performed in vertical trajectory
from the centroid of the experimental unit (50 m
height) and of each plot per genotype (3 and 5 m).
The images were processed with Gimp® v2.10.20.
By genotype, a Coverage Vigor Index (IV) =
[(CF,)/(AT,)]*100 was obtained, where Gi is
genotype-i, CF is coverage-plant area, and AT is
total area (soil + coverage-plant).

Integrated Damage Index. In order to evaluate
integrated health, with virus and blight severity
data, and the Vigor Index as a correction factor,
an Integrated Damage Index was calculated by

genotype: (IDI) = [3(xCV ) + 1 (xAL,))/260]
+ (1-1V,), where Gi is genotype-i, CV percentage
of virus disease severity, AL percentage of blight
severity, and IV Coverage Vigor Index.

Sampling of plant material. In order to identify
the agent(s) associated with blight, five samples
were collected from the three genotypes with the
highest incidence: Flor de Mayo, Pinto Texcoco,
and Canario. Samples were collected targeting
leaflets with concentric necrotic spots and leaf
with 1 - 3 severity classes (0.01 - 20%) of the
severity scale (Figure 1C). For virus symptoms,
20 and 18 trifoliate samples were collected with
mosaic-epinasty and severe chlorosis-wrinkling
symptoms, putatively associated with Potyvirus
and Begomovirus, respectively. Sampling was
representatively performed on the 12 genotypes.
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bajo un enfoque de sistemas (Mora-Aguilera et al.,
2021).

Indice de Vigor. Se realiz6 un analisis de cobertu-
ra foliar en fase de floracion, asistido por imagenes
aéreas digitales RGB de 14 mpx capturadas me-
diante dron Phantom 3 DJI® entre las 15:00 y 17:00
h. Los vuelos se realizaron en trayectoria vertical
desde el centroide de la unidad experimental (50 m
de altura) y de cada parcela por genotipo (3 y 5 m).
Las imagenes se procesaron con Gimp® v2.10.20.
Por genotipo, se obtuvo un Indice de Vigor de Co-
bertura (IV) = [(CF )/(AT)]*100, donde Gi es el
genotipo-i, CF éarea de cobertura foliar y AT es area
de cobertura total (suelo + cobertura foliar).

indice de Dafio Integrado. Con el objetivo de
evaluar la sanidad integral, con datos de severidad
de virus y tizén, y el Indice de Vigor como factor de
correccion, se calculd un Indice de Daiio Integrado

por genotipo (IDI) =[(3(xCV ) + 1 (xAL,))/260]
+(1-1V ), dénde Gi es el genotipo-i, CV porcenta-
je de severidad viral, AL porcentaje de severidad de
tizon e IV Indice de Vigor de Cobertura.

Colecta de material vegetal. Con el fin de iden-
tificar el agente(s) asociado al tizon se colectaron
cinco muestras en los tres genotipos con mayor in-
cidencia: Tipo Flor de Mayo, Pinto Texcoco y Ca-
nario. Las muestras se colectaron de forma dirigida
a foliolos con manchas necroticas concéntricas y
severidad de hoja con clases 1 -3 (0.01 - 20%) de la
escala de severidad (Figura 1C). Para sintomas vi-
rales, se colectaron 20 y 18 muestras trifoliadas con
sintomas de mosaico-epinastia y clorosis-arruga-
miento severo, putativamente asociados a Potyvi-
rus y Begomovirus, respectivamente. El muestreo
se realizo representativamente en los 12 genotipos.

Aislamiento y caracterizacion del organismo

asociado al tizén. Un total de cinco hojas sintoma-
ticas del genotipo 7ipo Flor de Mayo se cortaron
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Isolation and characterization of the blight-
associated organism. A total of five symptomatic
leaves of the genotype Flor de Mayo were cut into
10 5-mm squares from the marginal lesion zone and
disinfested for 2 min with 1% sodium hypochlorite
(NaClO), followed by three washes with sterile
distilled water. Five mycelial growths were re-
isolated and incubated in Petri dishes with Potato-
Dextrose-Agar (PDA) medium (Difco®). After
seven days, the sporulation pattern, conidiophores
and conidiawerereviewed using a stereo microscope
(IROSCOPE YZ-6). With the hyphal tip technique,
the isolates were purified on PDA and a mycelial
growth characterization was performed. Mycelial
color, morphology, and conidial morphometry
were determined on 64 conidia/isolate. Fixed slides
were made for compound microscopy (Velab VE-
B2 of 10x and 40x) integrated to the Motic Images
Plus v2.0 program. Identification was performed
with taxonomic keys (Simmons, 2007; Barnet and
Hunter, 1998). The characterization of isolates was
documented photographically using a Canon EOS
REBEL T6, 24.1 MP®.

Koch’s postulates. Twelve apparently healthy
Flor de Mayo leaflets (4-5 cm wide and 5-6 cm
long) were selected. They were disinfested with
the previously described technique and dried in
a laminar flow hood for 30 min. The 12 leaflets
were placed individually in the center of Petri
dishes, used as humid chambers, with an upper
mesh and sterile absorbent paper below. Three
treatments were carried out with three replicates
and an absolute control. The treatments were
inoculum of pure FPTA2h, FPTA3h, and FPTA4h
isolates obtained from leaf blight and selected at
random. Four discs with full mycelial growth
(0.5 cm diameter)/isolate were distributed on the
upper leaf blade. The absolute control consisted
of leaflets without inoculation. The Petri dishes
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en 10 cuadros de 5 mm a partir de la zona marginal
de lesion y desinfestaron por 2 min con hipoclorito
de sodio (NaClO) al 1%, seguido de tres lavados
con agua destilada estéril. Se reaisloé e incub6 en
cajas Petri con medio Papa-Dextrosa-Agar (PDA)
(Difco®) five crecimientos miceliales. Después
de siete dias se reviso el patrén de esporulacion,
conidioforos y conidias mediante un microscopio
estereoscopico (IROSCOPE YZ-6). Con la técni-
ca de punta de hifa se purificaron los aislados en
PDA y se realiz6 la caracterizacion del crecimiento
micelial. Se determind coloracion micelial, morfo-
logia y morfometria conidial en 64 conidios/cepa.
Se realizaron preparaciones fijas para microscopio
compuesto (Velab VE-B2 de 10x y 40x) integrado
al Programa Motic Images Plus v2.0. La identifica-
cion se efectud con claves taxondmicas (Simmons,
2007; Barnet y Hunter, 1998). La caracterizacion
de aislados se document6 fotograficamente me-
diante una camara Canon EOS REBEL T6, 24.1
MP®.

Postulados de Koch. Se seleccionaron 12 foliolos
de Flor de Mayo (de 4-5 cm de ancho y 5-6 cm de
largo) aparentemente sanos. Se desinfestaron con la
técnica previamente descrita y se secaron en cam-
pana de flujo laminar durante 30 min. Los 12 folio-
los se colocaron individualmente al centro de cajas
de Petri, acondicionadas como camaras hiimedas,
con una malla superior y papel absorbente estéril al
fondo. Se realizaron tres tratamientos con tres repe-
ticiones y un testigo absoluto. Los tratamientos fue-
ron in6culo de las cepas puras FPTA2h, FPTA3h y
FPTAA4h aisladas del tizon foliar y seleccionadas al
azar. En el haz de cada foliolo se distribuyeron cua-
tro discos con crecimiento micelial (0.5 cm diame-
tro) / cepa. El testigo absoluto consistié en foliolos
sin inoculacion. Las cajas Petri se incubaron en una
camara de crecimiento a 25 °C y 90% de humedad
relativa (HR) con fotoperiodo12:12 h durante 7 d.
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were incubated in a growth chamber at 25 °C
and 90% relative humidity (RH) with a 12:12 h
photoperiod for 7 d. Seven days after inoculation,
the pathogenicity of each strain was evaluated by
recording the presence or absence of typical blight
symptoms. Six symptomatic leaves were selected,
and the infective organism was re-isolated in Petri
dishes with PDA. One colony per leaf was taken at
random for morphological characterization.

Extraction of total nucleic acids. Extraction of
total DNA from five, and total DNA and RNA from
5 and 37 samples was performed by the modified
AP (SDS1%) method (Green and Sambrook,
2012). A total of 0.1 g of pure culture mycelium
and leaf tissue was used for identification by partial
genomic sequence of the fungus and putative viral
agent(s), respectively. Optimal thresholds of nucleic
acid concentration and purity were quantified with
a NanoDrop spectrophotometer 2000 (Thermo
Fisher Scientific 2000, USA).

Selection and in silico primers validation
for genomic identification. Based on viral-
like symptomatology in the field, infection of
a member(s) of Potyvirus and/or Begomovirus
genus was assumed. For genomic identification,
three universal primer pairs were selected based on
amplification on: 1) the nuclear inclusion coding
region of protein B (NIb) in Potyvirus genomes;
2) the ORF BL1 of DNA-B in Begomovirus; and
3) the ITS region of the rDNA for eukaryotes
(Table 1). The primers specificity associated with
criteria 1 and 2 was assessed by local alignment
using Blast® with genomic sequences registered at
the National Center for Biotechnology Information
(NCBI). For pathogens putatively associated with
viral symptoms, a set of 22 nucleotide sequences
specific for Bean golden yellow mosaic virus and
Bean dwarf mosaic virus (Begomovirus), and
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Siete dias después de la inoculaciéon se evaluo la
patogenicidad de cada cepa registrando presencia
o ausencia de sintomas tipicos de tizon. Se selec-
cionaron seis hojas sintomaticas y se reaislo al or-
ganismo infectivo en cajas Petri con PDA. Se tomd
al azar una colonia por hoja para la caracterizacion
morfoldgica.

Extraccion de acidos nucleicos totales. La extrac-
cién de ADN de cinco, y ADN y ARN total de un
total de 37 muestras se realizé por el método AP
(SDS1%) modificado (Green y Sambrook, 2012) a
partir de 0.1 g de micelio de cultivo puro y tejido
foliar para identificacion por secuencia gendémica
parcial del hongo y del putativo agente(s) viral, res-
pectivamente. Umbrales 6ptimos de concentracion
y pureza de acidos nucleicos se cuantificaron en
espectrofotometria con NanoDrop 2000 (Thermo
Fisher Scientific 2000, EUA).

Seleccion y validacién in silico de iniciadores
para identificacién genémica. Con base en la sin-
tomatologia de tipo viral en campo se asumié la
infeccion de un miembro(s) del género Potyvirus
y/o Begomovirus. Para la identificacion gendémica,
se seleccionaron tres pares de iniciadores universa-
les con base en criterios de amplificacion sobre: 1)
La region codificadora de la inclusion nuclear en
la proteina B (NIb) en genomas de Potyvirus; 2)
el ORF BL1 del ADN-B en Begomovirus; y 3) la
region ITS del rADN para eucariontes (Cuadro 1).
La especificidad de iniciadores asociados a los cri-
terios 1 y 2 se evalué mediante alineamiento local
empleando Blast® con secuencias gendmicas regis-
tradas en el National Center for Biotechnology In-
formation (NCBI). Para patdgenos putativamente
asociados a los sintomas virales, se generd un gru-
po de 22 secuencias de nucledtidos especificas para
Bean golden yellow mosaic virus y Bean dwarf mo-
saic (Begomovirus), y Bean common mosaic virus
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Table 1. Name of the selected universal primer, sequence, and amplicon size for genomic identification of Potyvirus and
Begomovirus species, and for eukaryotic microorganisms.
Cuadro 1. Nombre del iniciador universal seleccionado, secuencia, y tamafio del amplicon para identificacién genémica de
especies pertenecientes a Potyvirus y Begomovirus, y para microorganismos eucariotes.

Tamafio de Amplicon

Organismo Iniciador Secuencia (pb) Cita
B It vt N S

Bean common mosaic virus (Potyvirus) reported
in America for P vulgaris were selected. The
sequences were aligned with the respective primers
using the Clustal W algorithm in MEGA 7.0.26
software.

molecular identification. Genomic
identification of five fungal isolates was performed

Fungus

by amplifying the ITS region of the ribosomal
DNA in a 25 pL final sample composed of: 1X
PCR buffer, 1 mM MgCI2, 0.2 mM dNTPs mix,
400 nM of primers ITS1 and ITS4 (Table 1), 1 U
of Taq DNA polymerase (Invitrogen), 40 ng of
total DNA and nuclease-free water. Polymerase
Chain Reaction (PCR) was performed on the T-100
thermal cycler (BioRad). A processing program
was run consisting of initial denaturation at 95 °C
for 5 min and 31 cycles with denaturation at 94 °C
for 1 min, alignment at 55 °C for 1 min, extension
at 72 °C for 90 s, and a final extension at 72 °C
for 5 min. The amplified fragments were analyzed
by 1.5% agarose gel electrophoresis stained with
ethidium bromide and visualized with UV light in
an imaging system (UVP, Biolmaging Systems,
Epi Chemi II Darkroom).
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(Potyvirus) reportados en América para P, vulgaris.
Las secuencias se alinearon con los iniciadores res-
pectivos empleando el algoritmo Clustal W en el
software MEGA 7.0.26.

Identificacion molecular del hongo. La identifica-
cion gendomica de cinco cepas fungosas se realizo
amplificando la region ITS del ADN ribosomal en
una muestra final de 25 pL integrada por: 1X de Bu-
ffer PCR, 1 mM de MgCl, 0.2 mM del mix dNTPs,
400 nM de los iniciadores ITS1 ¢ ITS4 (Cuadro 1),
1 U de Tag DNA polimerasa (Invitrogen), 40 ng de
ADN total y agua libre de nucleasas. La Reaccion
en Cadena de la Polimerasa (PCR) se realizo en el
termociclador T-100 (BioRad). Se ejecut6 un pro-
grama de procesamiento que consistio en: desnatu-
ralizacion inicial a 95 °C por 5 min y 31 ciclos con
desnaturalizacion a 94 °C por 1 min, alineamiento
a 55 °C por 1 min, extension a 72 °C por 90 s, y una
extension final de 72 °C por 5 min. Los fragmentos
amplificados se analizaron por electroforesis en gel
de agarosa al 1.5% tefiidos con bromuro de etidio
y se visualizaron con luz UV en fotodocumentador
(UVP, Biolmaging Systems, Epi Chemi II Darkro-
om).
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Virus complex molecular identification. In 20
samples presumptively associated with Potyvirus
symptoms, the synthesis of complementary DNA
(cDNA) from total RNA was performed in two steps.
In the first step, the reaction mixture with: 9.75 pL
nuclease-free water, 500 nM per primer (NIb2F -
NIb3R) and 2.5 puL total RNA, incubated at 85 °C
for 3 min in a T100 thermocycler (Bio-Rad). In the
second step, a mixture with: 2 mM mix dNTP’s, 1X
buffer-RT, 100 U of reverse transcriptase enzyme
(M-MLV-RT) and 10 U of ribonuclease inhibitor
(RNAsin), all from Promega Corp. USA. The total
reaction volume was 20 pL incubated at 44 °C for
60 min, followed by inactivation of the enzyme at
92 °C for 10 min. RT-PCR was performed in a final
volume of 25 pL consisting of: 12.5 uL of Gotaq®
G2 Hot star mix, 500 nM of NIb2F - NIb3R primers
(Table 1) and 2.5 pL of ¢cDNA. The final volume
was completed with nuclease-free water. Using the
T-100 thermal cycler (BioRad), a program was run
consisting of: initial denaturation at 95 °C for 2
min, 35 cycles with denaturation at 95 °C for 45 s,
alignment at 45 °C for 45 s, extension at 72 °C for
45 s and a final extension at 72 °C for 5 min.

For 18 putative Begomovirus samples, the
PCR reaction mixture had a final volume of 25 pL
containing: 1X GoTaq® buffer, 0.2 mM dNTP’s
mix, 300 nM of the primers PBL1v2040 - PCR1c
(Table 1), 0.5 U of GoTag® G2 and 2 uL of DNA.
The final volume was volumetrically gauged with
nuclease-free water. The thermocycling program
executed was initial denaturation at 95 °C for 3
min, 30 cycles with denaturation at 94 °C for 30 s,
alignment at 50 °C for 30 s, extension at 72 °C
for 45 s, and a final extension at 72 °C for 5 min.
The amplified fragments of samples presumptive
to Potyvirus and Begomovirus were analyzed by
electrophoresis with the methodology analogous to
the identification of the fungus.
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Identificacion molecular del complejo viral. En
20 muestras presuntivamente asociadas a sintomas
de Potyvirus, se realizd en dos pasos la sintesis de
ADN complementario (cADN) a partir del ARN
total. En el primer paso, la mezcla de reaccidon con:
9.75 uL de agua libre de nucleasas, 500 nM por
primer (NIb2F - NIb3R) y 2.5 uL de ARN total, in-
cubado a 85 °C durante 3 min en un termociclador
T100 (Bio-Rad). En el segundo paso, se afiadi6 a
la reaccion una mezcla con: 2 mM de mix dNTP’s,
1X buffer-RT, 100 U de la enzima transcriptasa in-
versa (M-MLV-RT) y 10 U del inhibidor de la ribo-
nucleasa (RNAsin), todos de Promega Corp. EUA.
El volumen total de reaccion fue de 20 pL. incubada
a 44 °C durante 60 min, seguido de inactivacion
de la enzima a 92 °C durante 10 min. La PCR se
realiz6 en un volumen final de 25 pL integrado por:
12.5 pL de mix Gotaq® G2 Hot star, 500 nM de los
iniciadores NIb2F - NIb3R (Cuadro 1) y 2.5 uL de
cADN. El volumen final se complet6 con agua libre
de nucleasas. Con el termociclador T-100 (BioRad)
se ejecutd un programa que consistio en: desnatu-
ralizacion inicial a 95 °C por 2 min, 35 ciclos con
desnaturalizacion a 95 °C por 45 s, alineamiento a
45 °C por 45 s, extension a 72 °C por 45 s y una
extension final de 72 °C por 5 min.

Para 18 muestras putativas a Begomovirus, la
mezcla de la reaccion de PCR tuvo un volumen fi-
nal de 25 uL que contenia: 1X de buffer GoTaq®,
0.2 mM de mix dNTP’s, 300 nM de los iniciadores
PBL1v2040 - PCR1c (Cuadro 1), 0.5 U de GoTaq®
G2y 2 pL de ADN. El volumen final se aford con
agua libre de nucleasas. El programa de termoci-
claje ejecutado fue: desnaturalizacion inicial a 95 °C
por 3 min, 30 ciclos con desnaturalizacion a 94 °C
por 30 s, alineamiento a 50 °C por 30 s, extension a
72 °C por 45 s, y una extension final de 72 °C por 5
min. Los fragmentos amplificados de muestras pre-
suntivas a Potyvirus y Begomovirus se analizaron por
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Sequencing and bioinformatics analysis. A total
of 23 samples that amplified by PCR were sent for
nucleotide sequencing (Macrogen® Seoul, Korea).
With the sequences and reference sequences for
each organism group, bioinformatic analyses
were performed including: 1) Generation of the
consensus sequence with the SeqAssem v07
program; 2) Local alignment with Blast-n® at NCBI;
3) Evaluation of the percentage of homology and
coverage with the amplified genomic region; and
4) Phylogenetic reconstruction in MEGA v7.0.26
using maximum likelihood and/or maximum
parsimony as clustering methods.

Spatial analysis. The intra- and inter-plot
geospatial analysis was performed with Golden
Surfer® v10. The data matrix by phenological
event and genotype was structured with x = row,
y = plant spacing (fungus) or 70 cm row-section
(virus), and z = percentage of severity of virus
symptoms or blight. Geostatistical analysis was
performed with the kriging method represented
in two-dimensional maps and contours. Spatial
dependence and autocorrelation were calculated
with omnidirectional variograms fitted to a spherical
model. By genotype, the graphic indicators nugget
(n), o*partial (c*-p), and sill of o® (c*-s) were
obtained to determine the level of continuous
spatial dependence.

Abiotic damage associated with fungal
infection. Due to the distribution of blight in the
field, predominantly basal on the plant, and record
of a hail event at the early crop stage, a simulated
hail (G), wind (V) and soil friction (S) damage
trial was conducted on leaf tissue of P. vulgaris to
evaluate its implication in the infection process and
blight development under greenhouse conditions.
The trial was stablished with a total of nine
asymptomatic Flor de Mayo leaflets, distributed
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electroforesis con metodologia analoga a la identi-
ficacion del hongo.

Secuenciacion y analisis bioinformaticos. Un to-
tal de 23 muestras que amplificaron por PCR fue-
ron enviadas a secuenciacion de nucleotidos (Ma-
crogen® Seul, Corea). Con las secuencias obtenidas
y secuencias de referencia para cada grupo de or-
ganismo, se realizaron analisis bioinformaticos que
incluyeron: 1) Generacion de la secuencia consen-
so con el programa SeqAssem v07; 2) Alineamien-
to local con Blast-n® en el NCBI; 3) Evaluacion del
porcentaje de homologia y cobertura con la region
genomica amplificada; y 4) Reconstruccion filoge-
nética en MEGA v7.0.26 usando maxima proba-
bilidad y/o maxima parsimonia como métodos de
agrupamiento.

Analisis espacial. El analisis geoespacial intra- ¢
inter-parcelario se realizé con Golden Surfer® v10.
La matriz por evento fenoldgico y genotipo se es-
tructurd con x = surco, y = distanciamiento de plan-
ta (hongo) o seccion de 70 cm de surco (virus), y
z = porcentaje de severidad de sintomas virales o
de tizon. El andlisis geoestadistico se realizd con
el método kriging representado en mapas bidimen-
sionales y contornos. La dependencia y autocorre-
lacion espacial se calculd con variogramas omni-
direccionales ajustados a un modelo esférico. Por
genotipo, se obtuvieron los indicadores variografi-
cos nugget (n), 6>-parcial (6>-p), y sill o meseta de
o° (o%s) para determinar el nivel de dependencia
espacial continua.

Daiio abidtico asociados a la infeccién del hon-
go. Debido a la distribucion del tizon en campo,
predominantemente basal en planta y registro de un
evento de granizo en fases tempranas del cultivo, se
realiz6 un ensayo de dafios simulados por Granizo
(G), Viento (V) y friccion por Suelo (S) en tejido
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in three replicates per treatment. The hail effect
was simulated by impacting five frozen hydrogel
spheres of 0.5 cm diameter at 10 cm from each
leaflet. Wind simulation was performed by friction
between leaflets by means of air generated with a
fan (Taurus rush® 20 inches) at 1300 rpm, during
5 min. For the Soil effect, a total of 2 kg of soil was
gradually dispersed over the leaf tissue. Absolute
controls were asymptomatic leaflets, without
exposure to damage and sprayed with sterile
distilled water.

Immediately after the simulation, the upper blade
of each leaflet was inoculated by spraying 20000
(C1), 39000 (C2) and 49000 (C3) conidia per mL"!
of the FPTA2h isolate. Each leaflet was placed in 2
mL tubes immersing the peduncle in sterile distilled
water to maintain turgor during the experiment.
This material was placed inside polypropylene
bags to avoid contamination. From symptomatic
leaves, the organism was re-isolated in Petri
dishes with PDA eight days after inoculation. Six
preparations of direct lesion structures were made
for identification under compound microscopy
(10x and 40x Velab VE-B2) using the previously
cited taxonomic keys. Additionally, a digital
collection of 12 images of damaged leaf tissue was
generated to quantify the percentage of severity
by processing with GIMP 2.10®. The results were
analyzed in SAS v9.4 software using ANOVA in a
BCA design and the PROC GLM procedure with
the combination of simulated damage type (G, V, S,
T) and concentration (C) as treatments.

Statistical analysis. An epidemiological matrix
with 859 observations, 22 variables, and 18898
total metadata was integrated with MS Excel for
statistical analysis in Statistical Analysis Software
(SAS®) v9.4. Viral symptom severity, blight,
Integrated Damage Index, and Vigor Index were
used as response variables, whereas genotype and
phenological event were experimental factors.
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foliar de P. vulgaris para evaluar su implicacién
en el proceso de infeccion y desarrollo del tizon
en condiciones de invernadero. Se utiliz6 un total
de nueve foliolos asintomaticos del genotipo Flor
de Mayo distribuidos en tres repeticiones por tra-
tamiento. El efecto Granizo se simul6 impactando
a 10 cm de cada foliolo cinco esferas de hidrogel
congelado de 0.5 cm de diametro. La simulacion
de Viento se realiz6 mediante friccion entre folio-
los por medio del aire generado con un ventilador
(Taurus rush® 20 pulgadas) a 1300 rpm, durante 5
min. Para el efecto Suelo se utilizé un total de 2
kg de suelo gradualmente dispersado sobre el tejido
foliar. Los Testigos absolutos fueron foliolos asin-
tomaticos, sin exposicion a dafios y asperjado con
agua destilada estéril.

Inmediatamente después de la simulacion, el
haz de cada foliolo se inoculd por aspersion las
concentraciones 20000 (C1), 39000 (C2) y 49000
(C3) conidios por mL' cepa FPTA2h. Cada fo-
liolo se coloco en tubos de 2 mL sumergiendo el
pedunculo en agua destilada estéril para mantener
la turgencia durante el desarrollo del experimento.
Este material se colocd dentro de bolsas de poli-
papel para evitar contaminacion. A partir de hojas
sintomaticas se reaislo el organismo en cajas Petri
con PDA ocho dias después de la inoculacion. Se
realizaron seis preparaciones de estructuras direc-
tas de la lesion para identificacion en microscopio
compuesto (Velab VE-B2 de 10x y 40x) mediante
las claves taxonomicas referidas. Adicionalmente,
se generd un acervo digital con 12 imégenes de
tejido foliar dafiado para cuantificar el porcentaje
de severidad mediante procesamiento con GIMP
2.10%. Los resultados se analizaron en software
SAS v9.4 mediante ANOVA en un disefio BCA y
el procedimiento PROC GLM con la combinacion
tipo de dafio simulado (G, V, S, T) y concentracion
(C) como tratamientos.

Analisis estadistico. Una matriz epidemiologi-
ca con 859 observaciones, 22 variables y 18898
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Descriptive analyses were performed by variable
and phenological events with PROC UNIVARIATE
for normality tests through Shapiro-Wilk (p < 0.05).
Analysis of variance (ANOVA) for a completely
randomized design (CRD) with nested replications
was performed with PROC GLM and Tukey mean
comparison (a = 0.05). Comparison between
phenological events was performed with #-Student
(a=0.05).

RESULTS AND DISCUSSION

Morphological and molecular fungus
identification. The FTFMA1h, FPTA2h, FPTA3h,
FPTA4h, and FPTAS5h fungus isolates were
characterized by black mycelial growth with 5 to
8 conidia-chain per conidiophore (Figure 2A). A
total of 64 mature conidia of FPTA2h isolate were
morphometrically measured, showing an average
length and width of 7.53 pm (range 3.8 - 12.3 um)
and 3.23 um (range 2 - 4.6 um), respectively.
Conidium had 3 - 5 transversal, and 1-2 longitudinal
septa (Figure 2A). Based on these characteristics,
the fungus was identified as Alternaria alternata
(Berrouet et al., 2014; Simmons, 2007; Barnet and
Hunter, 1998).

A. alternata was confirmed by molecular
amplification of optimal fragments 500-600 bp
ITS region. Threshold concentrations of 127.7
- 482.3 ng uL! and purity 1.88 - 2.18 nm were
obtained. Five sequences were aligned at NCBI
and confirmed the taxonomic identification of 4.
alternata with 99 - 100% homology regarding the
A. alternata accession AF347031.1. The sequences
were registered in GenBank with accession numbers
0OL229866, OL229867, OL229868, 0L229869,
and OL229870. The phylogenetic analysis, using
the maximum likelihood method (i=1000) for ITS
region and 100% node support, clustered all five
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metadatos totales se integré en MS Excel para ana-
lisis estadistico en Statystical Analysis Software
(SAS®™) v9.4. La severidad de sintomas virales, ti-
z6n, Indice de Dario Integrado e Indice de Vigor se
emplearon como variables respuesta, mientras que
genotipo y evento fenoldgico fueron factores expe-
rimentales. Se realizaron analisis descriptivos por
variable y evento fenologico mediante PROC UNI-
VARIATE para pruebas de normalidad mediante
Shapiro-Wilk (p < 0.05). El analisis de varianza
(ANOVA) para un disefio completamente al azar
(DCA) con repeticiones anidadas se realizdo con
PROC GLM y comparacion de medias con Tukey
(o =0.05). La comparacion entre eventos fenologi-
cos se realiz6 con ¢t-Student (a0 = 0.05).

RESULTADOS Y DISCUSION

Identificacion morfologica y molecular del hon-
go. Las cepas fungosas FTFMA1h, FPTA2h, FP-
TA3h, FPTA4h y FPTASh se caracterizaron por
exhibir crecimiento micelial negro con presencia
de 5 a 8 conidios en cadena (Figura 2A). La deter-
minacion morfométrica de 64 conidios maduros de
la cepa FPTA2h mostré longitud y ancho promedio
de 7.53 um (rango 3.8 — 12.3 um) y 3.23 pm (ran-
go 2 — 4.6 um), respectivamente. Se identificaron
conidios con 3-5 septos y 1-2 longiseptos (Figura
2A). Con base en estas caracteristicas se identifico
al hongo como Alternaria alternata (Berrouet et
al., 2014; Simmons, 2007; Barnet y Hunter, 1998).
La confirmacion molecular de A. alternata se rea-
liz6 mediante amplificacion de fragmentos Opti-
mos de 500-600 pb ITS. Se obtuvieron umbrales
concentracion de 127.7 - 482.3 ng uL' y pureza
1.88 - 2.18 nm. El alineamiento de las cinco se-
cuencias en NCBI confirmé la identificacion
taxonomica de Alternaria alternata con rango 99
- 100% homologia con la accesion AF347031.1
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Figure 2. A. Alternaria alternata identification by symptom Association - Culturing - Identification based on morphometry
of dyctiospores in chain, short pedicels, conidiophores (see description in text). B. Simulation of wind (V), hail
(G), and soil friction (S) effect damage on Alternaria alternata infection under controlled conditions. c1 = 20000,
¢2 =39000, c3 = 49000 conidia mL"! FPTA2h isolate; 7 = Control. Except for S, which exhibited a bacterial-type
biofilm, mechanical damage was favorable for fungus infection.

Figura 2. A.ldentificacion de Alternaria alternata por Asociacion del sintoma —Aislamiento — Identificacion por morfometria
de dyctiosporas en cadena, pedicelos cortos, conidioforos (ver descripcion en texto). B. Simulacion del efecto de
dafios por viento (V), granizo (G) y friccion de suelo (S) en la infeccion de Alternaria alternata en condiciones
controladas. c1 = 20000, c2 = 39000, c3 = 49000 conidios mL™ cepa FPTA2h; T = Testigo. Con excepcion de S, el
cual exhibié un biofilm de tipo bacteriano, el dafio mecanico favorecio la infeccion del hongo.
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sequences with the accession AF347031.1. The
reference sequences of Alternaria alternantherae
(KC584179.1) and  Stemphylium  amaranthi
(KU850503.1) were clearly separated from the
A. alternata node (Figure 3A). However, since
A. alternata (Alternaria sect. alternaria) is an

de A. alternata. Las secuencias se registraron en
GenBank con los nimeros de accesion OL229866,
OL229867, OL229868, OL229869 y OL229870.
El analisis filogenético con el método de maxima
verosimilitud (i=1000) para la region ITS y 100%
de soporte de nodo, confirmé la agrupacion de las

evolutionary diverse group, with morphological and cinco secuencias con la accesion AF347031.1. Las

molecular ITS attributes potentially overlapping secuencias de referencia para Alternaria alternan-

Tree scale: 0.01 —
0L.229867.1 FPTA2h

FPTA2h FTFMA1h
0L229866.1 FTFMA1h
0L.229868.1 FPTA3h
01.229869.1 FPTA4h

1 AF347031.1 Alternaria alternata

01.229870.1 FCAS5h

————————@ KC584179.1 Alternaria alternantherae

-/ —@ KU850503.1 Stemphylium amaranthi

FPTA4h A.

* Tree scale: 0.1 ———
MHO024841.1 BCMV-3PF

BMC3h Flor Mayo

0L229873.1 BCMV3h
0L229872.1 BCMV2h

0L229871.1 BCMV1h

| 0L229874.1 BCMV4h BMCV2h Ofi BMCV4h Negro Perla Positive PCR Negro
. 4 L Mixteco
MK069985.1 BCMV-CJ16 ) 'g 7
01.229875.1 BCMV5h ﬁ/ y
7z
L @ PRSV &3 &

/! @ AF173556.1 BGYMV

Figure 3. Bioinformatic analysis through amplified sequences of universal genomic regions and maximum likelihood with
1000 Bootstrap repeats. A) A. alternata identification through I'TS1 and ITS4, HKY+G model with 99% homology
with respect to GenBank isolate AF347031.1. B) Bean common mosaic virus identification through NIb2F and
NIb3R, Tamura-Nei model with 99% homology with two accessions of this virus from GenBank. Bold sequences
correspond to samples obtained in this work.

Figura 3. Analisis bioinformatico mediante secuencias amplificadas de regiones gendémicas universales, maxima
verosimilitud y 1000 repeticiones Bootstrap. A) Identificacion de A. alternata mediante ITS1 y ITS4, modelo
HKY+G con 99% de homologia respecto del aislado AF347031.1 del GenBank. B) Identificacion de Bean common
mosaic virus con NIb2F y NIb3R, modelo Tamura-Nei con 99% de homologia a dos accesiones de este virus del
GenBank. Secuencias en negritas corresponden a muestras obtenidas en este trabajo.
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among species, complementary studies may be
necessary (Armitage et al., 2020).

Alternaria  alternata  pathogenicity  tests.
Pathogenicity of FPTA2h, FPTA3h, and FPTA4h A.
alternata isolates was confirmed on leaf tissue of P,
vulgaris genotype Tipo Flor de Mayo. The control
leaflets did not reproduced symptoms. On average,
seven days after inoculation, 100% of leaflets
showed symptoms as dark-brown or black necrotic
lesions accompanied by chlorotic extending halos.
Colonial and conidial morphometry adheres to the
taxonomic characteristics of Alternaria alternata
in all leaflets infected (Simmons, 2007; Barnet and
Hunter, 1998), confirming Koch’s postulates.
Molecular diagnosis and prevalence of
Potyvirus and Begomovirus. RT-PCR detected a
100% prevalence of one member of the Potyvirus
genus in the samples analyzed (20/20). The 350-bp
amplicon for universal primers NIb2F and NIb3R
was amplified in all 12 genotypes of P. vulgaris
samples. The concentration and purity thresholds
ranged from 127.7 - 482.3 ng uL"! and 1.88 - 2.18
nm, respectively. Sequencing of five representative
samples identified Bean common mosaic virus
(BCMV) specie at 99 - 100% homology with
the NCBI accessions MH024841.1 BCMV-3PF
and MKO069985.1 BCMV-CJ16 of this virus.
The phylogenetic construction using Maximum
Likelihood, reached 100% node support (Figure
3B). Reference sequences of Papaya ringspot virus
(PRSV), specie of the Potyvirus genus, and Bean
golden yellow mosaic virus (BGYMYV), belonging
to Begomovirus genus, were separated of the main
clade. BCMV confirmatory sequences in this
paper were recorded in GenBank with accession
numbers OL229871.1, OL229872.1, OL229873.1,
OL229874.1, and OL229875.1.

The high incidence of this virus agreed with the
90.2 - 100% reports for Africa (Mwaipopo ef al.,
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therae (KC584179.1) y Stemphylium amaranthi
(KU850503.1) estuvieron distantes del nodo prin-
cipal de A. alternata (Figura 3A). Sin embargo, es
necesario remarcar que A. alternata conforma un
grupo evolutivo diverso (Alternaria sect. alterna-
ria) con atributos morfologicos y moleculares con
ITS que pueden traslaparse entre especies, por lo
que podrian requerirse estudios complementarios
(Armitage ef al., 2020).

Pruebas de patogenicidad de Alternaria alterna-
ta. La patogenicidad de A. alternata se comprobo
en tejido foliar de P. vulgaris genotipo Tipo Flor de
Mayo con las cepas FPTA2h, FPTA3h y FPTA4h.
Los foliolos testigo no reprodujeron sintomas. En
promedio, siete dias después de la inoculacion, el
100% de foliolos mostraron sintomas de lesiones
necroticas café-obscuro o negras con halos ama-
rillos. La validacion por criterios de morfometria
colonial, conidial y corroboracion con claves taxo-
némicas (Simmons, 2007; Barnet y Hunter, 1998),
fueron coincidentes con Alternaria alternata en el
total de foliolos analizados confirmando los postu-
lados de Koch.

Diagnostico molecular y prevalencia de Potyvi-
rus y Begomovirus. Se detecté por RT-PCR una
prevalencia del 100% de un miembro del género
Potyvirus en las muestras analizadas (20/20). El
amplicon de 350 pb para los iniciadores universa-
les NIb2F y NIb3R amplificd en las muestras de
los 12 genotipos de P. vulgaris. Los umbrales con-
centracion y pureza estuvieron en rango de 127.7
- 482.3 ng uL'! y 1.88 - 2.18 nm, respectivamente.
La secuenciacion de cinco muestras representati-
vas determiné la identificacion de la especie Bean
common mosaic virus (BCMV) con 99 — 100%
de homologia con las accesiones MH024841.1
BCMV-3PF y MK069985.1 BCMV-CJ16 de NCBI
para este virus. La reconstruccion filogenética por
Maximum Likelihood, tuvo 100% soporte de nodo
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2018), although it exceeded that reported previously
by Lepe-Soltero et al. (2012) in Sonora and Nayarit
(6 - 78%). In this study, BCMV symptoms were
mosaic (100%), epinasty (60%), and leaf distortion
(39%), which were apparently influenced by
the genotype (Figure 3B). The BCMNV was not
detected, a Potyvirus closely related to BCMV,
previously reported with higher prevalence in five
Mexican states, State of Mexico not included,
occurring in single infection or mixed with BCMV
(Lepe-Soltero ef al., 2012). Even though necrosis
symptoms on secondary veins, typical of BCMNYV,
were not detected in this research, future studies
may require specific primers, in addition to a
universal sequence, to ensure the diagnosis.

The 18 samples with severe leaf yellowing
suspected of some member of Begomovirus
genus were not amplified with PBL1v2040 and
PCRI1c universal primers, despite the presence,
although in low density of B. fabaci in over 80%
of 12 genotypes. This insect represents a potential
vector of this virus group. However, this finding
was unexpected considering that Bean golden
yellow mosaic virus (BGYMV) and Bean golden
mosaic virus (BGMYV) have been widely reported
for Central America and the Caribbean (Rojas et
al., 2018; 1993), although strongly associated with
regional outbreaks of Bemisia tabaci in the 1990s
(Gilbertson et al., 2005). In Brazil, BGMV was
reported infecting seven bean cultivars, though at
different viral concentrations (De Freitas-Vanzo et
al.,2021).

Bean common mosaic virus severity in 12
bean genotypes. The epidemiological matrix for
comparative analysis among genotypes regarding
A. alternata and BCMV severity, and spatial
spread, included 22 variables, 859 observations,
and 18898 metadata. In flowering phase, BCMV
plant severity varied between 9 and 50% (classes
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(Figura 3B). Secuencias de referencia asociadas a
Papaya ringspot virus (PRSV) especie del género
Potyvirus y principalmente el Bean golden yellow
mosaic virus (BGYMYV) perteneciente a los Be-
gomovirus se ubicaron distantes del clado princi-
pal. Las secuencias confirmatorias de BCMV en
este trabajo se registraron en GenBank con los
numeros de accesion OL229871.1, OL229872.1,
0OL229873.1, OL229874.1 y OL229875.1.

La alta incidencia de este virus fue coincidente
con reportes de 90.2 - 100% para Africa (Mwai-
popo et al., 2018), pero supero los reportados pre-
viamente por Lepe-Soltero y colaboradores (2012)
para Sonora y Nayarit con un rango de 6 — 78%. En
este estudio, la prevalencia de sintomas asociados a
BCMYV fueron mosaico (100%), epinastia (60%) y
distorsion foliar (39%), posiblemente dependiente
del genotipo (Figura 3B). No se detectd la presen-
cia del BCMNYV, un Potyvirus muy relacionado con
BCMYV, previamente reportado en cinco estados
mexicanos, Estado de México no incluido, con ma-
yor prevalencia en infecciones simples, o mezclado
con BCMYV (Lepe-Soltero et al., 2012). Aunque en
campo no se detectd sintomas de necrosis en nerva-
duras secundarias, tipico del BCMNYV, futuros tra-
bajos podrian requerir iniciadores especificos, en
adicion al universal, para asegurar el diagndstico.

Las 18 muestras con fuerte amarillamiento fo-
liar presuntivas a algun miembro del género Be-
gomovirus no amplificaron con los iniciadores
universales PBL1v2040 y PCR1c, a pesar de pre-
sencia, aunque con muy baja densidad, de B. tabaci
en mas de 80% de los 12 genotipos. Este insecto
es un potencial vector de este grupo de virus. Este
resultado fue inesperado ya que el Bean golden ye-
llow mosaic virus (BGYMV) y Bean golden mo-
saic virus (BGMV) se han reportado ampliamente
para Centroamérica y el Caribe (Rojas et al., 2018;
1993), aunque fuertemente asociado con los brotes
regionales de Bemisia tabaci en los 90’s (Gilbert-
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3 - 5) with high genotype-dependent variability.
Vaquita Negro (50.06 = 13.6), Canario (48.7 £
15.4), and Segregante Oti (40.14 £+ 21.9) exhibited
higher symptom expressions severity classes
4 - 5 compared to other genotypes (Tukey, p =
0.05) (Table 2). On the contrary, Bayo Mecentral
(21.2 £ 8.1), Tipo Flor de Mayo (18.2 = 14.8) and
Negro Perla (9.6 £ 6.9) exhibited relatively lower
severity (classes 3 - 4) (Tukey, p = 0.05) (Table
2). At fruit stage, severity range increased to 6.7
- 58.1% (classes 3 - 6). Vaquita Negro (58.1 + 4.8)
and Canario (37.3 + 20.3) were statistically the
most susceptible genotypes with severity classes
4 - 5 (Tukey, p = 0.05), whereas Garrapato (38.5
+ 18.5) which increased in severity by 14%, was
statistically different (z-test, p < 0.0001) respect to
the flowering stage.

son et al., 2005). En Brasil, el BGMYV fue infectivo
en siete cultivares de frijol, aunque con diferentes
concentraciones virales (De Freitas-Vanzo et al.,
2021).

Severidad de Bean common mosaic virus en 12
genotipos de frijol. La matriz epidemioldgica para
el analisis comparativo entre genotipos respecto a
la severidad de Alternaria alternata y BCMV, y
la dispersion espacial, incluy6 22 variables, 859
observaciones y 18898 metadatos. En fase de flo-
racion de P. vulgaris, la severidad de BCMV en
planta oscil6 entre 9 y 50% (clases 3 - 5), con alta
variabilidad en funcion del genotipo. Vaquita Negro
(50.06 + 13.6), Canario (48.7 + 15.4) y Segregante
Oti (40.14 £+ 21.9) mostraron mayor expresion de sin-
tomas con clases de severidad 4 - 5 estadisticamente

Table 2. BCMYV and A. alternata average severity percentage in 12 bean genotypes (P, vulgaris) on flowering and fruit stage

under field conditions. Spring-Summer 2020 season.

Cuadro 2. Porcentaje de severidad promedio de BCMV y A. alternata en 12 genotipos de frijol (P vulgaris) en la fase
fenolégica de floracién y fructificacion en condiciones de campo. Ciclo Primavera-Verano, 2020.

Bean common mosaic virus

Alternaria alternata

Genotipo ¥ Floracion Fructificacion t-test * Floracion Fructificacion t-test *
Vaquita Negro 50.0+13.6a 58.1+ 4.8a 0.021 10.6+10.6b 119+ 6.0b 0.581
Canario 487+ 154 a 37.3+£20.3 abc 0.000 7.0+ 75D 427+18.2a 0.000
Segregante Oti 40.1£21.9ab 31.0 £ 16.4 abc 0.039 6.8+ 94b 8.6+ 6.6b 0.424
Flor de Mayo 36.0+ 15.4 abc 29.8 + 18.8 abc 0.123 11.4+10.1b 119+ 92b 0.870
Negro Mixteco 31.5+15.8 abc 12.1+12.3 bc 0.000 16.7+10.3 ab 75+ 420 0.001
Negro Querétaro 29.9+ 8.1 abc 152+ 124 be 0.000 153+11.9ab 10.0+10.8b 0.119
Garrapato 24.5+19.1 abc 38.5+18.5ab 0.000 53+ 43b 202+ 86D 0.000
Pinto Texcoco 23.4+10.5 abc 16.0 + 10.0 be 0.051 33.6+ 8.1a 9.5+ 48b 0.000
Oti 23.3+21.0 abc 29.7 +17.8 abc 0.102 56+ 740D 152+ 7.4b 0.000
Bayo Mecentral 21.2+ 8.1 abc 9.5+ 4.2bc 0.000 11.8+ 74b 123+ 3.4b 0.865
Tipo Flor de Mayo 18.2+14.8 be 27.0 +22 bc 0.042 99+11.8b 414+13a 0.000
Negro Perla 9.6+ 69c¢ 6.7+ 88¢ 0.121 10.0+10.6 b 62+ 58b 0.111

* Student’s #-test (o = 0.05) comparing mean percent BCMV severity in plant canopy and 4. alternata foliar severity between
flowering and fruiting. Treatments with at least a common letter are statistically equal ANOVA/Tukey p = 0.05. Bold numbers
represent the genotypes with the maximum and minimum severity values of BCMV and 4. alternata. Signs + followed
by a number represents the intra-genotype standard deviation (SD) of mean percent severity. / * Prueba #-Student (o = 0.05)
comparando el promedio del porcentaje de severidad de BCMV en dosel de planta y severidad foliar de A. alternata entre floracion
y fructificacion. Tratamientos con al menos una letra en comun son estadisticamente iguales ANOVA/Tukey p = 0.05. Numeros en
negrita representan genotipos con los valores de severidad maximos y minimos de BCMV y 4. alternata. Signos + seguido de un
numero representa la desviacion estandar (SD) intra-genotipo de la media porcentual de severidad.

¥ Bold genotypes belong to the same lineage. / ¥ Genotipos en negrita pertenecen al mismo linaje.
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Negro Perla (6.7 + 8.8) was the lowest
susceptible genotype at flowering and fruit stage
without statistical differences (z-test, p = 0.12)
(Table 2). However, the trend was a reduction
19.9% severity, attributed to
vegetative growth, previously documented in

between 2.9 -

Kenya for pre- and post-rainfall experiments, where
severity decreased up to 12.6% in ten P. vulgaris
cultivars (Mangeni et al., 2020). In this research,
eight genotypes showed the decreasing condition,
of which six were statistically different (¢test, p =
0.0001). Severity for Flor de Mayo (- 6.4%) and
Negro Perla (- 2.9%) was no statistical different in
flowering and fruit stage (¢-test, p = 0.12) (Table
2). Among the most susceptible genotypes, those
with statistically significant increases (6.4 - 8.8%)
(t-test, p=0.021 - 0.042) were Vaquita Negro (58.1
+4.8) and Tipo Flor de Mayo (27 + 22) (Table 2).

Overall, varietal studies of bean virus severity
(Potyvirus, Begomovirus, or another genus) use
qualitative leaf-level scales (e.g., 0 = no symptoms,
1 = mild symptoms, 2 = moderate symptoms, and
3 = severe distortion, leaf or stem malformation,
and stunting). Using this scale, Mangeni and
coworkers (2020) reported a 2.3 average severity
of BCMYV, which could be comparative to classes
4 - 5 of the severity scale developed for this study,
found in Vaquita Negro, Canario, Garrapato, or
Segregate Oti (Table 2). Murere and coworkers
(2018) studying 16 bean genotypes reported
BCMV prevalence in 29.4 - 42.78% cultivars
with a regional average severity of 1.1 - 1.67.
Susceptible genotypes exhibited moderate and
severe symptoms (classes 2 - 3).

Regarding disease intensity caused by
Begomoviruses (i.e., CuLCrV and SiGMFV) in
Phaseolus sp., severity has been reported between
5 - 50% in 20 genotypes considered of moderate
resistance, and over 60% for 21 varieties typified as
susceptible (Agarwal et al., 2021). These findings
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diferentes (Tukey, p = 0.05) al resto de genotipos
(Cuadro 2). Por el contrario, Bayo Mecentral (21.2
+ 8.1), Tipo Flor de Mayo (18.2 + 14.8) y Negro
Perla (9.6 £ 6.9) tuvieron severidad relativamen-
te mas baja (clases 3 - 4), entre las cuales Negro
Perla fue estadisticamente menor (Tukey, p = 0.05)
(Cuadro 2). En fase de fructificacion, se amplio el
rango de severidad a 6.7 - 58.1% (clases 3 - 6). Va-
quita Negro (58.1 = 4.8) y Canario (37.3 £20.3) se
mantuvieron estadisticamente como genotipos mas
susceptibles con clases de severidad 4 - 5 (Tukey,
p = 0.05), mientras que Garrapato (38.5 + 18.5)
tuvo un incremento de severidad en 14%, estadisti-
camente diferente (#-test, p < 0.0001) respecto a la
expresion sintomatica en floracion.

Negro Perla (6.7 = 8.8) fue el genotipo menos
susceptible en floracion y fructificacion sin dife-
rencias estadisticas entre estos eventos fenologi-
cos (t-test, p = 0.121) (Cuadro 2). Sin embargo, la
tendencia fue una reduccion entre 2.9 - 19.9% de
severidad, atribuida al desarrollo vegetativo, ya do-
cumentado en otro trabajo en Kenia en experimen-
tos pre- y post-lluvias, con decrementos hasta de
12.6% en 10 cultivares de P. vulgaris (Mangeni et
al., 2020). En esta investigacion, un total de ocho
genotipos presentaron esta condicion decreciente,
de los cuales seis fueron estadisticamente diferen-
tes (z-test, p = 0.0001). Flor de Mayo (-6.4%) y
Negro Perla (-2.9%) no presentaron diferencias de
severidad entre floracion y fructificacion (¢-test, p =
0.12) (Cuadro 2). Entre los genotipos mas suscep-
tibles, los que tuvieron incrementos (6.4 - 8.8%)
estadisticamente significativos (#-test, p = 0.021
- 0.042) fueron Vaquita negro (58.1 = 4.8) y Tipo
Flor de Mayo (27 = 22) (Cuadro 2).

En general, los estudios varietales de ftijol res-
pecto a la severidad de virus (Potyvirus, Begomo-
virus u otros géneros) emplean escalas cualitativas
a nivel foliar (p.e., 0 = sin sintomas, 1 = sintomas
leves, 2 = sintomas moderados y 3 = distorsion
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show the high prevalence and severity of BCMV
and other virus species on beans, suggesting the
need of updating the viruses status in Mexican
germplasm stocks and the productive implications
(Flores-Estévez et al., 2003; Pedroza-Sandoval
et al., 2013; Lepe-Soltero et al., 2012). The use
of a 70 cm row-section plant-coverage as scale
proposed in this work allowed discriminating the
viral infectious effect and therefore constitutes
a methodological alternative for intensive field
studies with respect to plant-level scales under the
rationale of confounding canopy in high density
plantings.

Alternaria alternataseverityin 12 bean genotypes.
Among the 12 bean genotypes studied, A. alternata
severity was highly variable. In the flowering stage,
leaf severity ranged from 7 - 33.6% (classes 3 - 4).
Pinto Texcoco was the most susceptible genotype
(33.6 = 8.1), followed by Negro Mixteco (16.7 £
10.3) and Negro Querétaro (15.3 +11.9). However,
these genotypes were no statistically different
(Tukey, p = 0.05) due to intra- and inter-genotype
variability (Table 2). Garrapato (5.3 £4.3), Oti (5.6
+ 7.4), and Segregante Oti (6.8 + 9.4), belonging
to the same lineage (Estrada-Gomez et al., 2004),
exhibited tolerance to the fungus. These materials
were equal statistically (Tukey, p = 0.05) respect
to the other genotypes except for Pinto Texcoco
(Table 2). This lineage was reported as highly
or moderately resistant to foliar and root fungal
infections such as Colleotrichum lindemuthianum,
Sclerotinia sp., Uromyces appendiculathus var.
appendiculatus and Rhizoctonia solani (Estrada-
Gomez et al., 2004).

At the fruit stage, severity maintained its
variability. Nevertheless, Canario (42.7 + 18.2)
and Tipo Flor de Mayo (41.4 £ 13) were the
most susceptible genotypes showing significant
increases compared to the flowering stage with
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severa, malformacion de las hojas o del tallo y re-
traso en el crecimiento). Con esta escala, Mangeni
y colaboradores (2020), reportaron 2.3 severidad
promedio de BCMV, el cual puede considerarse
equivalente a las clases 4 - 5 de la escala de se-
veridad desarrollada en este estudio y encontradas
en Vaquita Negro, Canario, Garrapato o Segregate
Oti (Cuadro 2). Murere y colaboradores (2018) en
un estudio de 16 genotipos de frijol reportaron pre-
valencia de BCMV en 29.4 — 42.78% de las mues-
tras analizadas con rango de severidad promedio
regional de 1.1 — 1.67 (escala 0 - 3). Los genotipos
susceptibles exhibieron sintomas moderados y se-
veros (clases 2 - 3).

Respecto a la intensidad de enfermedad causa-
da por Begomovirus (i.e., CuLCrV y SIGMFV) en
Phaseolus sp., la severidad se ha reportado entre 5
—50% en 20 genotipos considerados con moderada
resistencia, y mas de 60% en 21 variedades tipifica-
das como susceptibles (Agarwal et al., 2021). Es-
tos resultados muestran la alta prevalencia e inten-
sidad de dafio de BCMV vy otras especies de virus
en frijol y sugieren la importancia de actualizar su
estatus en los acervos genéticos mexicanos y su im-
plicacion productiva (Flores-Estévez et al., 2003;
Pedroza-Sandoval et al., 2013; Lepe-Soltero et al.,
2012). El empleo de la escala de cobertura vege-
tal propuesta en este trabajo permitio discriminar
el efecto infeccioso viral por lo que constituye una
alternativa metodologica para estudios intensivos
de campo respecto a escalas a nivel planta bajo la
racionalidad de dosel confundido entre plantas de
siembras compacta.

Severidad de Alternaria alternata en 12 geno-
tipos de frijol. La severidad de A. alternata fue
contrastante entre los 12 genotipos de frijol estu-
diados. En fase de floracion, la severidad foliar os-
cilé entre 7 - 33.6% (clases 3 - 4). Pinto Texcoco
fue el genotipo mas susceptible (33.6 = 8.1), seguido
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35.7% and 31.5% (t-test, p < 0.0001), respectively
(Table 2). This increase is explained by greater plant
longevity, favoring leaf growth and prolongation
of infection cycles. The genotypes Negro Perla
(6.2 + 5.8), Negro Mixteco (7.5 + 4.2), Segregante
Oti (8.6 £ 6.6), Pinto Texcoco (9.5 = 4.8), and
Negro Querétaro (10 £ 10.8) exhibited lower
severity than 10% (Classes 1 - 3), and a significant
decrease severity, from 3.8 - 24.1%, respect to the
flowering stage (#-test, p < 0.01) (Table 2). Pinto
Texcoco exhibited the highest severity reduction
from 33.6% to 9.5%, followed by Negro Mixteco
decreased by 16.7%. Analogous to BCMYV, the
severity decrease in these genotypes was associated
with tissue senescence and consequently inoculum
loss. Bayo Mecentral, Flor de Mayo, Vaquita
Negro, and Segregante Oti were the most stable
genotypes, with moderate severity of 6.8 - 11.8%
in the flowering stage, and not significant increases,
between 0.4 - 1.8%, in the fruit stage (z-test, p =
0.42 - 0.87) (Table 2).

Several Alternaria spp. species has been
reported associated with beans and other crops. i.e.,
A. solani in some species of the Solanaceae family
can be highly restrictive for production (Thomma,
2003). Alternaria alternata (= A. tenuis) was
reported as a pathogenic agent on Phaseolus spp. at
least since the early 19th century (Thomma, 2003;
O’Donnell and Dickinson, 1980). Nevertheless,
epidemiological studies of 4. alternata applied to
P, vulgaris germplasm assessment were not found.
This report is the first in Mexico with this approach.

Integrated Damage Index (IDI) and Vigor
Index (IV). Comprehensive health of P. vulgaris
genotypes regarding BCMV and A. alternata,
estimated by IDI, ranged from 0 - 1.54. The IDI was
higher at flowering stage between 0.37 - 1.51, being
Oti (0.37) and Negro Perla (0.43) significantly
more tolerant genotypes, whereas Vaquita Negro
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contrastantemente de Negro Mixteco (16.7 = 10.3)
y Negro Querétaro (15.3 £ 11.9). Sin embargo,
estos genotipos fueron estadisticamente iguales
(Tukey, p = 0.05) debido a la variabilidad intra- e
inter-genotipos (Cuadro 2). Garrapato (5.3 +4.3),
Oti (5.6 £ 7.4) y Segregante Oti (6.8 £ 9.4), per-
tenecientes al mismo linaje (Estrada-Gomez et al.,
2004), fueron relativamente mas tolerantes al hon-
go. Estadisticamente (Tukey, p = 0.05), estos ma-
teriales no fueron diferentes del resto de genotipos
con excepcion de Pinto Texcoco (Cuadro 2). Este
linaje se ha reportado con alta 0 moderada resisten-
cia a infecciones de hongos foliares y de raiz como
Colleotrichum lindemuthianum, Sclerotinia sp.,
Uromyces appendiculathus var. appendiculatus y
Rhizoctonia solani (Estrada-Gomez et al., 2004).
En fructificacion, la severidad se mantuvo
con alta variabilidad. No obstante, Canario (42.7
+ 18.2) y Tipo Flor de Mayo (41.4 + 13) fueron
genotipos altamente susceptibles con incrementos
significativos respecto a la fase de floracion (#-test,
p <0.0001) con 35.7% y 31.5%, respectivamente
(Cuadro 2). Este incremento se puede explicar por
mayor longevidad del genotipo propiciando reno-
vacion foliar y extension del proceso infeccioso.
Los genotipos Negro Perla (6.2 £ 5.8), Negro Mix-
teco (7.5 £ 4.2), Segregante Oti (8.6 £ 6.6), Pinto
Texcoco (9.5 = 4.8) y Negro Querétaro (10 = 10.8)
tuvieron severidad menor al 10% (Clases 1 - 3),
con una reduccion significativa (z-test, p <0.01) de
3.8 — 24.1% respecto al dafio expresado en flora-
cion (Cuadro 2). Pinto Texcoco exhibio la mayor
reduccion de severidad pasando de 33.6% a 9.5%,
seguido de Negro Mixteco con un decremento de
16.7%. Analogo a BCMYV, en estos genotipos la
disminucion de severidad se asocié a senescencia
de tejidos y consecuentemente pérdida de indculo.
Los genotipos mas estables fueron Bayo Mecentral,
Flor de Mayo, Vaquita Negroy Segregante Oti, los
cuales tuvieron severidad moderada 6.8 — 11.8% en
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(1.51) and Segregante Oti (1.05) were the most
susceptible to BCMV and A. alternata combined
effect (Tukey, p = 0.05) (Table 3). In fruit phase, the
IDI decreased considerably to ranges of 0.03 - 0.63.
Once again, Negro Perla (0.03) and Oti (0.03) were
statistically the most tolerant, and Vaquita Negro
(0.63) was the most susceptible (Tukey, p = 0.05)
(Table 3).

The Vigor Index (IV) by genotype ranged from
0.1 -0.91. This index was inversely proportional to
IDI, evidencing a strongly detrimental physiological
effect of the BCMV and A. alternata combination.
Overall, IV showed statistical differences at least
in 8/12 genotypes (Tukey, p = 0.05). Oti (0.91) had
significantly higher coverage-plant vigor (Tukey, p
= 0.05). Interestingly, Garrapato, from whom Oti
was derived, and was selected for Mexico State
Valley due to high productivity and resistance to
plant pathogenic fungi (Estrada-Gomez ef al.,
2004), exhibited moderate IV = 0.64 (Table 3),
and moderate susceptibility with 38% maximum
damage by BCMV and 20.2% A. alternata (Table
2). By contrast, Vaquita Negro (0.1) showed
the lowest vigor, indicating high susceptibility,
particularly to BCMV. Negro Querétaro, Bayo
Mecentral, Negro Mixteco and Segregante Oti
were similar genotypes in IV, ranged from 0.43 -
0.48 (Tukey, p = 0.05) (Table 3).

This research supports Ofi and Negro Perla
as the genotypes with the highest tolerance to
BCMV and A. alternata, attributed to intrinsic
genotype-environment characteristics. However, it
is necessary to analyze lineages and parental lines
to optimize this type of studies in comprehensive
breeding programs that incorporate phytosanitary
factors in addition to the phenotypic approach
associated with yield components.

Spatial analysis of severity at genotype level.
Geostatistical kriging analysis and omnidirectional
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Table 3. Vigor Index (IV) in flowering phase and Integrated
Damage Index (ID]) in flowering and fruit stages
assessed in 12 varieties of bean (P. vulgaris) under
field conditions. Spring-Summer 2020 season.

Cuadro 3. Indice de Vigor (IV) en estado de floracién e

Indice de Daiio Integrado (IDI) en floracién y
fructificacion evaluados en 12 variedades de
frijol (P. vulgaris) en condiciones de campo.
Ciclo Primavera-Verano 2020.

. IDI¥ IDI*
Variedad > vz Floracion  Fructificacion

oti 091 a 037 f 0.03 ¢
Negro Perla 0.71 b 0.43 ef 0.03 ¢
Canario 0.68 ¢ 0.90 bed 0.18b
Flor de Mayo 0.66 d 0.79 bed 0.13 be
Garrapato 0.64 ¢ 0.66 def 0.18b
Pinto Texcoco 0.61f 0.78 bed 0.08 be
Tipo Flor de Mayo  0.53 g 0.71 cde 0.21b
Negro Querétaro 0.48 h 0.91 bed 0.10 be
Bayo Mecentral 0.47 hi 0.81 bed 0.08 be
Negro Mixteco 0.45ij 0.97 be 0.09 be
Segregante Oti 043] 1.05b 0.22b
Vaquita Negro 0.10 k 151 a 0.63 a

>

Treatments with at least one common letter are statistically
equal by Tukey p = 0.05. *Tratamientos con al menos una
letra en comun son estadisticamente iguales por Tukey p =
0.05.

Genotypes and IV and IDI values in bold represent maximum
and minimum contrasts. High IV and low IDI values indicate
higher tolerance to BCMV and 4. alternata. / ¥ Genotipos 'y
valores IV e IDI en negritas representan contrastes maximo
y minimo. Alto valor IV y bajo IDI indican mayor tolerancia
a BCMV y 4. alternata.

<

floracion, con incrementos no significativos entre
0.4 — 1.8% en fructificacion (¢-test, p = 0.42 - 0.87)
(Cuadro 2).

Diversas especies de Alternaria spp. se han re-
portado asociados al frijol y otros cultivos. En algu-
nos casos, como A. solani en solanaceas puede ser
altamente restrictivo para la produccion (Thomma,
2003). Alternaria alternata (= A. tenuis) se ha re-
portado como agente patogénico en Phaseolus spp.
al menos desde principios del siglo XIX (Thomma,
2003; O’Donnell y Dickinson, 1980). Sin embargo,
no se encontraron estudios epidemiolégicos aplica-
dos a la evaluacion de germoplasma respecto a 4.
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variograms of Bean common mosaic virus and
A. alternata exhibited random intra-genotype
dispersal patterns of random foci, aggregates, and
uniformity depending on susceptibility / tolerance
and phenological phase. Aggregation intensity
agreed with severity intensity / genotype, IDI, and
IV results discussed in previous sections (Table 2,
3; Figure 1, 4).

The Vaquita Negro block, the most susceptible
genotype to BCMV, was characterized by high-
intensity dispersion (class 5, 58.2%) at fruit stage
(Figure 4A), without spatial dependence of severity
indicating uniform virus infection distribution
through the parameters’ nugget/nj= 209, o°-
parcial/c’-p] = 0, o?-sill[c°-s] = 233.7 (Figure 4B-
B11). On the contrary, Bayo Mecentral, although
had a uniform distribution (n= 40.9, ¢°-p = 0, o°-s
= 70.5) was associated with low severity (class 3,
9.6%) (Figure 4A, 4B-BI).

Segregante Oti represented genotypes with
spatial dependence in discontinuous aggregate foci
of 4-8 distances of 70 cm row-sections (n= 207.4,
o’-p = 338.6, o’-s = 546) (Figure 4A, 4B-B12),
analogous to Tipo Flor de Mayo and Negro Mixteco,
or block-edge effect, as Canario, Flor de Mayo,
Garrapato, and Oti genotype (Figure 4A, 4B). Other
group included Negro Querétaro with random foci
(n=136, 0>-p>207.8, 0’-s = 343.8) (Figure 4A, 4B-
B7), similar to Bayo Mecentral, Pinto Texcoco and
Negro Perla, this last one significantly tolerant for
both phenological stages (Figure 4A, 4B). Uniform
dispersal pattern associated with BCMYV, without
phenological
events (data not shown), suggests a seed-borne

statistical ~ differences between
transmission effect, which is well stablished
for this virus (Worral et al., 2015; Subramanya,
2013). However, a vector(s) may also be involved
due to random foci and edge-block effect. Myzus
persicae and Aphis gossypii, among other aphids,
have been reported as vectors (Worral et al., 2015).

ONLINE PUBLICATION, MAY 2022

alternata en P. vulgaris. Este es el primer reporte
con ese enfoque en México.

indice de Daiio Integrado (IDI) e indice de Vi-
gor (IV). La sanidad integral de Phaseolus vulga-
ris respecto a BCMV y A. alternata, estimada con
IDI, estuvo en el rango de 0 — 1.54. IDI fue mayor
en floracion con valores entre 0.37 — 1.51, siendo
0Oti (0.37) y Negro Perla (0.43) los genotipos sig-
nificativamente mas tolerantes, mientras que Va-
quita Negro (1.51) y Segregante Oti (1.05) los mas
susceptibles considerando al efecto combinado de
BCMV vy A. alternata (Tukey, p = 0.05) (Cuadro
3). En fructificacion, el IDI disminuy6 considera-
blemente a rangos de 0.03 — 0.63. Nuevamente,
Negro Perla (0.03) y Oti (0.03) fueron estadistica-
mente los mas tolerantes, y Vaquita Negro (0.63) se
mantuvo como el mas susceptible (Tukey, p = 0.05)
(Cuadro 3).

El Indice de Vigor de planta (IV) por genoti-
po oscild entre 0.1 — 0.91. Este indice fue inver-
samente proporcional a IDI, evidenciando fuerte
efecto fisiologico detrimental de la combinacidon
de BCMV y A. alternata. En general, el IV mos-
tro diferencias estadisticas al menos en 8/12 ge-
notipos (Tukey, p = 0.05). Oti (0.91) tuvo el vi-
gor de planta significativamente mas alto (Tukey,
p = 0.05). Interesantemente, Garrapato, del cual
se derivd Ofi, y que fue seleccionado para el Va-
lle de México por su alta productividad y resis-
tencia a hongos fitopatdogenos (Estrada-Gomez et
al., 2004), tuvo moderado IV = 0.64 (Cuadro 3),
y moderada susceptibilidad con dafios maximos de
38% por BCMV y 20.2% por A. alternata (Cua-
dro 2). En contraste, Vaquita Negro (0.1) obtuvo el
menor vigor, evidenciando su alta susceptibilidad
principalmente a BCMV. Negro Querétaro, Bayo
Mecentral, Negro Mixteco y Segregante Oti fueron
genotipos similares en IV con rangos entre 0.43 —
0.48 (Tukey, p = 0.05) (Cuadro 3).
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Figure 4. Geostatistical kriging analysis of average severity of A) Bean common mosaic virus and C) Alternaria alternata
assessed in flowering (6 June, 2020) and fruiting (10 August, 2020) phase for 12 Phaseolus vulgaris genotypes.
Percentage severity is represented in green-red colorimetry according to assessment scale classes (Figure 1).
Omnidirectional semivariograms by spherical method for contrasting genotype block, highlighted with blue
dashes boxes, for B) BCMV (B1, B7, B11, and B12) and D) A. alternata (B2, B3, B11, and B12) in fruiting phase.
The X-axis represents lag -distance of 70 cm row-sections (BCMYV), -plant (4. alternata), and Y severity variance

(o).
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Figura 4. Analisis geoestadistico kriging del promedio de severidad de: A) Bean common mosaic virus 'y C) Alternaria
alternata evaluada en floracion (6 junio, 2020) y fructificacién (10 agosto, 2020) para 12 genotipos de Phaseolus
vulgaris. El porcentaje de severidad se representa en colorimetria verde-rojo en concordancia con clases de escala
de evaluacion (Figura 1). Semivariogramas omnidireccionales por método esférico para bloque de genotipos
contrastantes, remarcados con recuadros azules, para B) BCMV (B1, B7, B11 y B12) y D) A. alternata (B2, B3,
B11y B12) en fase de fructificacion. Eje-X se representa lag -distancia de 70 cm seccion de surco (BCMYV), -planta

(A. alternata), y Y la varianza (¢?) de severidad.

Even though aphid colonization or exuviae were
not detected in the flowering and fruit stages, a
transient occurrence at early crop stages cannot be
rule out. The primary inoculum may originate from
diseased plants due to infected seeds, subsequently
dispersed by vectors generating foci and aggregates
with higher spatial dependance. The severity and
incidence levels, contrasted with the phenological
events studied, suggest that viral load and infection
proportion in seeds is variable among genotypes.
Viral transmission may have implications for
breeding programs and BCMYV resistance studies;
therefore, should be investigated.

A. alternata spatial behavior also exhibited
contagion progress, although less intense among
genotypes, except for Flor de Mayo and Canario
genotypes, which, due to higher susceptibility,
showed spatial dependence in discontinuous
aggregates of 3-8 plants (n= 354.3, o’-p =159.8,
o’-s = 514.1). These genotypes had high severity
(class 4, 41.5%) at the fruit stage, coinciding
with a significant increase and foci coalescence
(Figure 4C-B2, B4, 4D-B2). Negro Mixteco, Negro
Querétaro, and Segregante Oti showed spatial
dependence in small random foci of 2-3 plants
(n= 103, o’-p = 28.8, o’-s = 87.1), with severity
reduction at fruit stage associated with senescence
and leaf tissue loss (Figure 4C, 4D-B12). Pinto
Texcoco, Flor de Mayo, or Garrapato represented
genotypes with discontinuous aggregate dispersal
pattern of 4-5 plants (n= 58.3, o°-p > 72.9, o’-s
= 131.2) and moderate severity (Figure 4C, 4D-
B3). Vaquita Negro had low severity with uniform
dependence (n= 102, o’-p = 0, o>s = 172.8),
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Esta investigacion sustenta a Oti y Negro Perla
como los genotipos de frijol de mayor tolerancia
a BCMV y A. alternata, atribuida a caracteristicas
intrinsecas al genotipo-ambiente. Sin embargo, es
necesario analizar los linajes y lineas parentales
para optimizar este tipo de estudios en programas
de mejoramiento integrales que incorporen factores
fitosanitarios en adicién al enfoque fenotipico aso-
ciado a componentes de rendimiento.

Analisis espacial-parcelario de severidad a ni-
vel genotipo. El andlisis geoestadistico kriging y
variogramas omnidirecionales del Bean common
mosaic virus y A. alternata exhibieron patrones de
dispersion intra-genotipo aleatorios de focos, agre-
gados y uniformes en funcién de la susceptibilidad/
tolerancia y evento fenologico. La intensidad de
agregacion fue concordante con los resultados de
severidad/genotipo, IDI e IV analizados en seccio-
nes previas (Cuadro 2, 3; Figura 1, 4).

El bloque de Vaquita Negro, el genotipo mas
susceptible a BCMYV, se caracterizo por dispersion
de alta intensidad (clase 5, 58.2%) en fase de fruc-
tificacion (Figura 4A), sin dependencia espacial de
severidad indicando distribucion uniforme de la
infeccion del virus con pardmetros variograficos
nugget[n]= 209, o>-parcial/c’-p] = 0, 6>-sill[c*-s]
= 233.7 (Figura 4B-BII). Contrariamente, Bayo
Mecentral, aunque tuvo una distribucion uniforme
(n=40.9, 6°-p = 0, 6°-s = 70.5) pero asociado a baja
intensidad de dafio (clase 3, 9.6%) (Figura 4A, 4B-
BI).

Segregante Oti fue representativo de genoti-
pos con dependencia espacial en focos agregados

214



FuLLy BILINGUAL

MEXICAN JOURNAL OF PHYTOPATHOLOGY
REvISTA MEXICANA DE FITOPATOLOGIA

however, associated with low covered-plant vigor
(0.1) as well as high susceptibility to BCMV
(58.1%), therefore, it could be a competition effect
rather than tolerance (Figure 4C, 4D-BI11).

The microclimatic data recorded during the
experiment showed minimum relative humidity
(RH) between 22 - 51% and RH-maximum >77%;
minimum temperature (T) of 11.6 - 15.8 °C and
T-maximum of 21.6 - 28.9 °C, and discontinuous
post-flowering and fruit rainfall frequency. These
conditions are considered optimal for A. alternata
mycelial growth and sporulation (Prasad and
Ahir, 2013); thus, the dispersal patterns exhibited
could represent the real fungus parasitic fitness
conditioned by genotype. Consequently, the fungal
epidemic potential will be strongly influenced
by genetic factors and other contributing abiotic
components (Table 4).

Abiotic effects associated with A. alternata
infection on bean. Wind () and hail (G) damage
simulation was associated with symptoms in 100%
of the experimental leaflets, except for Soil (8) and
the absolute control (Table 4). Necrotic lesions
caused by inoculation of A. alternata isolate
FPTA2h were reproduced (Figure 2B). Foliar
disease severity was directly proportional to conidia
concentration applied for each simulated factor.
Overall, the G effect induced a higher severity,
which ranged in 75.3 - 94.7%, in comparison to V'
with 66 - 95.7% (Tukey, p = 0.05). Treatments V
and G at a 49000 conidia mL"! concentration (C3)
induced 95.3% and 94.7% severity, respectively
(Table 4; Figure 2B). Concentrations of 39000
(C2) and 20000 mL' (C1) in G induced 80.3% and
75.3% severity, respectively, with not statistical
differences (Tukey, p = 0.05). Treatments V-C1 and
V-C2 induced a similar severity of 66% and 64.3%,
respectively (Table 4; Figure 2B).

A biofilm of colonies, putatively associated with
soil-borne pathogenic bacteria was found in §-Ci
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discontinuos de 4-8 segmentos de 70 cm surco (n=
207.4, o’-p = 338.6, o’-s = 546) (Figura 4A, 4B-
B12), andlogo a Tipo Flor de Mayo 'y Negro Mixte-
co, o con efecto de bordo, como en Canario, Flor
de Mayo, Garrapato u Oti (Figura 4A, 4B). Por su
parte, Negro Querétaro evidencid focos aleatorios
(n= 136, o’-p > 207.8, o°-s = 343.8) (Figura 4A,
4B-B7), cuyo patron fue similar en Bayo Mecen-
tral, Pinto Texcoco'y Negro Perla, este Gltimo sig-
nificativamente mas tolerante en ambos eventos fe-
nologicos (Figura 4A, 4B). El patron de dispersion
uniforme asociado a BCMYV, sin diferencias esta-
disticas entre eventos fenologicos (datos no mos-
trados), sugiere efecto de trasmision por semilla, lo
cual se tiene consignando para este virus (Worral
et al., 2015; Subramanya, 2013). Sin embargo, un
vector(es) también puede estar implicado por la
presencia de focos aleatorios y de orilla-bloque.
Myzus persicae y Aphis gossypii, entre otros afi-
dos, se han reportado como vectores (Worral et al.,
2015). Aunque colonizacién o exuvias de afidos no
fue detectada en las fases de floracion y fructifica-
cién, no se descarta su ocurrencia transitoria en eta-
pas tempranas del cultivo. El indculo primario pue-
de provenir de plantas enfermas a partir de semilla
infectada, con posterior dispersion por el vector
generando focos y agregados con mayor dependen-
cia espacial. Los niveles de severidad e incidencia,
contrastante en los eventos fenologicos estudiados,
sugiere que la carga viral y proporcién de infeccion
en semilla es variable entre genotipos. La transmi-
sion viral puede tener implicaciones en programas
de mejoramiento genético y estudios de resistencia
al BCMYV por lo que debe ser investigado.

El comportamiento espacial de A. alternata
también mostro una progresion de contagio aunque
con claramente con menor intensidad entre genoti-
pos, con excepcion de Tipo Flor de Mayo y Cana-
rio, los cuales debido a su mayor susceptibilidad,
evidenciaron dependencia espacial en agregados
discontinuos de 3-8 plantas (n=354.3, o°-p =159.8,
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Table 4. Percentage of severity in detached bean leaflets
of Flor de Mayo genotype (P. vulgaris), inoculated
with three conidia concentrations (C) of
Alternaria alternata isolate FPTA2h, previously
damaged with simulated wind, hail and soil in
controlled conditions.

Cuadro 4. Porcentajedeseveridad en foliolos desprendidos
de frijol variedad Flor de Mayo (P. vulgaris),
inoculados con tres concentraciones de conidios
(C) de Alternaria alternata cepa FPTA2h,
previa simulacién de daifios por Viento, Granizo
y Suelo en condiciones controladas.

Tipo de Concentracién Porcentaje *
Dafio (conidios mL™) de Severidad
Simulado (= Std. Dev)
C1 (20,000) 66.0+4d
Viento (V) C2 (39,000) 643+85d
C3 (49,000) 953+3.5a
C1 (20,000) 753 +4c¢
Granizo (G) C2 (39,000) 80.3+t4b
C3 (49,000) 94.7+6.12a
C1(20,000) 0.0
(Presencia
Suelo () C2 (39,000) de biofilm
C3 (49,000) bacteriano)
. Agua destilada
Testigo (T) Estéril 0.0

>

Tratamientos con al menos una letra en comun son
estadisticamente iguales (Tukey, p = 0.05). / * Treatments
with at least one common letter are statistically equal (Tukey,
p=0.05).

treatment leaflets (Figure 2S). Despite the bacteria(s)
were not identified, the survival of Xanthomonas
axonopodis pv. allii and X. axonopodis pv. phaseoli
has been reported on bean-fields soil surface,
with dispersal capacity due to impact or particle
splashing (Torres et al., 2019; Gent et al., 2005).
These results confirm that abiotic factors’ effect on
infection, contagion, and dispersal of Alternaria
and other organisms (Kumar et al., 2021; Lione et
al., 2020). Likewise, it suggests that effectiveness
of A. alternata inoculum load on beans may
depend on secondary factors for infective success,
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o’-s = 514.1). Estos materiales tuvieron alta inten-
sidad de dafio (clase 4, 41.5%) en fructificacion,
correspondiendo con un incremento y coalescencia
significativa de focos (Figura 4C-B2, B4, 4D-B2).
Negro Mixteco, Negro Querétaro y Segregante
Oti presentaron dependencia espacial en pequefios
focos aleatorios 2-3 plantas (n= 103, ¢>-p = 28.8,
o’-s = 87.1), con reduccion de severidad en fructi-
ficacion asociada a senescencia y pérdida de tejido
foliar (Figura 4C, 4D-B12). Pinto Texcoco, Flor de
Mayo o Garrapato representaron materiales con
patrén de dispersion en agregados discontinuos de
4-5 plantas (n= 58.3, o°-p > 72.9, 0’-s = 131.2) y
severidad moderada (Figura 4C, 4D-B3). Vaquita
Negro reportd dependencia uniforme de baja in-
tensidad (n= 102, o’-p = 0, ¢0’-s = 172.8), aunque
asociada a vigor de planta muy bajo (0.1) y alta
susceptibilidad a BCMV (58.1%), por lo que po-
dria ser efecto de competencia mas que tolerancia
(Figura 4C, 4D-B11).

Los datos microclimdticos registrados durante
el experimento mostraron humedad relativa (HR)
minimas entre 22 - 51% y HR-mdximas >77%; tem-
peratura (T) minimas de 11.6 - 15.8 °C y T-mdxima
de 21.6 - 28.9 °C, y frecuencia discontinua de pre-
cipitaciones post-floracion y fructificacion. Con-
siderando que estas condiciones son 6ptimas para
crecimiento micelial y esporulacion de 4. alternata
(Prasad y Ahir, 2013), los patrones de dispersion
exhibidos podrian representar la aptitud parasitica
real del hongo condicionada por el genotipo. En
consecuencia, el potencial epidémico del hongo
dependera de fuertemente del factor genético y de
otros componentes abioticos que contribuyan a la
infeccion (Cuadro 4).

Efectos abidticos asociados a la infeccién de A.
alternata en frijol. La simulacion de dafo por
Viento (V) y Granizo (G) propicié sintomas en
100% de los foliolos experimentales, no asi para
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thus could be considered an opportunistic fungus
(Armitage et al., 2020). Bean may have evolved
efficient structural defense mechanisms during
the long plant-pathogen coevolutionary process
in America, area of bean domestication (Rendon-
Anaya et al., 2017; Bitocchi et al., 2017). Even
though a hail event is erratic, the tissue damage by
wind in high density crops, such as in P. vulgaris,
can be intermittent and determinant for disease (de
Langre, 2008).

CONCLUSIONS
Appling classical cultural-morphology,
genomic, and pathogenic criteria, Alternaria

alternata was identified as the causal agent of
leaf blight in 12 genotypes of bean (P. vulgaris).
Accessions 0L229866, 0OL229867, 0OL229868,
0OL229869, and OL229870 were registered in the
GenBank. Similarly, through universal primers
for Potyvirus and Begomovirus, the association
of Potyvirus Bean common mosaic virus with all
genotypes was only found. Accessions OL229871,
0OL229872,0L229873, OL229874, and OL229875
were also registered. In flowering and fruit
phenological stages, Negro Perla genotype was
the most tolerant with 6.7 - 9.6% and 6.2 - 10%
severity associated with BCMV and A. alternata,
respectively. Canario was the most susceptible
genotype with maximum values of 48.7% and
42.7%. Vigor integration with severity caused
by both organisms (IDI) confirmed Negro Perla
as the most tolerant variety. Geospatial studies
demonstrated differential damage intensity among
genotypes and higher BCMV epidemic capacity.
A. alternata could be an opportunistic pathogen.
A canopy coverage Vigor Index (1V) assisted with
single exposure aerial-drone imagery; Integrated
Damage Index (IDI) with vigor values and multi-
pathogen severity levels; logarithmic-diagrammatic
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Suelo () y Testigo absoluto (Cuadro 4). Se repro-
dujeron lesiones necréticas causadas por la inocu-
lacion de la cepa FPTA2h de A. alternata (Figura
2B). La severidad foliar de A. alternata fue directa-
mente proporcional a la concentracion de conidios
de A. alternata aplicada por cada factor de simula-
cion. En general, el efecto de G indujo mayor ran-
go de severidad con 75.3 — 94.7% con respecto a
V que oscild entre 66 — 95.7% (Tukey, p = 0.05).
Los tratamientos ¥y G con una concentracion de
49000 conidios mL" (C3) tuvieron 95.3% y 94.7%
de severidad, respectivamente (Cuadro 4; Figura
2B). Las concentraciones 39000 (C2) y 20000 mL"!
(C1) en G, indujeron severidad de 80.3% y 75.3%,
respectivamente, los cuales fueron iguales estadis-
ticamente entre si (Tukey, p = 0.05). En los trata-
mientos V-C1 y V-C2 se tuvo severidad similar de
66% y 64.3% (Cuadro 4; Figura 2B).

En foliolos de los tratamientos S-C, se encontro
un biofilm de colonias putativamente asociadas a
bacterias fitopatdgenas presentes en suelo (Figura
28S). Aunque no se identifico a la bacteria(s), se re-
porta sobrevivencia de Xanthomonas axonopodis
pv. allii y X. axonopodis pv. phaseoli en superficie
del suelo cultivado con frijol, con capacidad de dis-
persion por impacto o salpique de particulas (To-
rres et al., 2019; Gent et al., 2005). Estos resultados
ratifican el efecto de factores abidticos en procesos
de infeccion, contagio y dispersion de Alternaria
y otros organismos (Kumar et al., 2021; Lione et
al., 2020). Asimismo, sugiere que la efectividad de
la carga de indculo de A. alternata en frijol puede
depender de factores secundarios para el éxito in-
fectivo, por lo que podria considerarse hongo opor-
tunista (Armitage et al., 2020). El frijol pudo ha-
ber desarrollado eficientes mecanismos de defensa
estructurales durante el largo proceso coevolutivo
planta-patdégenos en América, su centro de origen
(Renddn-Anaya et al., 2017; Bitocchi et al., 2017).
Si bien un evento de granizo es erratico, el dafio
de tejido por viento en cultivos de alta densidad de
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scale at leaf and row-canopy levels; and the App-
Monitor® v1.1 Android®, available in PlayStore®,
are proposed as novel methodologies to optimize
comprehensive breeding programs incorporating
phytosanitary factors to complement the phenotypic
approach to assess yield components.
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