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Abstract

e pipiana pumpkin is an impartaic ciement in the diet of south-central Mexico residents.
Its seeds are consumed directly foasted aiyd soasoneddwithgsalt, and they are also the main

ingredient used for making typical dithejsuch as/jzeen/mole or pipian, as well as various

traditional sweets. Some soi’ micrcorgarisrys vause stvaze aamage in fruit, which reduces yield.
The aim of the study wag’ o iayicify picipasiogicaliy ar*molecularly the oomycete causing rot in
pipiana pumpkin fruits,;ana’evaluaip Cotions for che fiical and biological control in greenhouses.
During August andSepeniber 2241, 1 the noi’ b sniregion of the state of Guerrero, pipiana pumpkin
fruits with rotsaviiz’coms wein cdllectec. [ Torgnological identification was performed with the
keys proposad v (allegly catihlong (2002); <11d molecular identification was by polymerase chain
reaction, (3wt 7K). Bot!, tCuts identiti 2 “Phytophthora capsici as the causal agent of rot in pipiana
pumplsin Fzusts. The senmences obta ped showed 99 % similarity with the GenBank-held sequences
for. cpwsici in wiatermielon fyom the United States and pumpkin from Italy. The active ingredients
orapasiiocar’ +10tetyl and met. laxyl + chlorothalonil delayed the presence of the pathogen in the
f13ics byfix days, whereds tie biocontrol agents delayed it by four days.

Retuinein

W a calabaza pipiana es importante en la alimentacién de la poblacién en el centro-sur de
LMéxico. Sus semillas se consumen directamente tostadas y aderezadas con sal; ademads, son

el ingrediente principal para elaborar platillos tipicos como el mole verde o pipian, asi como
diferentes dulces tradicionales. Algunos microorganismos del suelo causan severos problemas
en frutos, lo que afecta el rendimiento. El objetivo del estudio fue identificar morfolégica y
molecularmente al oomicete causante de la pudricién de frutos de calabaza pipiana, y evaluar
opciones de control quimico y biolégico en invernadero. Durante agosto y septiembre de 2011,
en la zona norte del estado de Guerrero, se colectaron frutos de calabaza pipiana con sintomas de
pudricién. La identificacién morfoldgica se realizé con las claves propuestas por Gallegly y Hong
(2008), y la molecular fue mediante la reaccién en cadena de la polimerasa, ITS-PCR. En ambas
pruebas se identificé a Phytophthora capsici como el causante de la pudricién de frutos de calabaza
pipiana. Las secuencias obtenidas tuvieron 99 % de similitud con P. capsici en sandia de Estados
Unidos y en calabaza de Italia, depositadas en el banco de genes (GenBank). Los ingredientes
activos, propamocarb+fosetil y metalaxil+clorotalonil, mostraron control al retrasar seis dias la
presencia del patégeno en frutos, mientras que los agentes de biocontrol la retardaron cuatro dias.
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Introduction

The pipiana pumpkin (Cucurbita argyrosperma Huber)
is an economically important crop in the state of
Guerrero, one of the major state producers of its seed
in Mexico. The seed sales price per ton has risen from
$ 15,500.00 MXN in 2005 to $ 35,000.00 MXN in 2011,
which has led to the area sown in the state increasing
from 4,228 to 5,742 ha. However, production in
Mexico and in various parts of the world is affected
during the summer by the warm conditions and high
relative humidity that favor the presence of diseases
(Cohen, Burger, Horev, Koren, & Edelstein, 2007; Zitter,
Hopkins, & Thomas, 2004).

In some areas of the state of Guerrero, pipiana pumpkin
is grown in flat and poorly-drained soils, which
together with the crop’s indeterminate and creeping
growth habit generate a microclimate with optimal
conditions for development and infection by fungi
and oomycetes such as Phytophthora spp., causing yield
losses (Ayvar-Serna, Mena-Bahena, Durdn-Ramirez,
Cruzaley-Sarabia, & Gémez-Montiel, 2007) and thereby
reducing the incomes of farmers who grow it. Farmers
commonly use systemic fungicides for disease control
over prolonged periods of time (Gisi & Sierotzki, 2000
their overuse, in turn, has caused environpicital
pollution and decreased their efficiency dueicythe
constant evolution of pathogens (Bartlet!;%»C.ipugh
Godwin, Hall, Hamer, & Parr-Dobrzanski<Z20:).

Recently, the wuse of non-chemicyl™methods ~to
control plant diseases has increageg) [n theylust 30
years, beneficial microorganizm,) havel heen used
for biological control of ditemses (Liri & “<im, ¢2C1)
Yang et al., 2012), mainiz  ungi suhsas TrickGiecwua,
Gliocladium, Coniothyrizss,ancCandidapazid bacter a'such
as Streptomyces, Pseudcioiias, Raciisiy and Agrobacterium
(Harman, Obregdéa,\Samuels,&slorito, 2010; Pliego,
Ramos, Vicente,\&  Cazorlay@11). The use of isolated
strategies ‘nasyhad little impact, thereby necessitating
an integf{ctea»management program (Antonopoulos,
Meltozt, 'R wlila, 2010; Bi, Jiang, Hausbeck, & Hao,
20%2 Lased on the above, the aim of this research
was O identify morphologically and molecularly the
oomycete causing rot in pipiana pumpkin fruits, and
assess options for chemical and biological control in
greenhouses.

Materials and methods
Plant material

During August and September 2011, fruits of pipiana
pumpkin (C. argyrosperma), criollo genotype Apipilulco,
were collected from a lot in the Guerrero State
Agricultural College’s Experimental Field, located in
the municipality of Cocula, Guerrero, situated at 18°

Introducciéon

La calabaza pipiana (Cucurbita argyrosperma Huber) es
un cultivo de importancia econémica en el estado de
Guerrero, siendo uno de principales estados productores
de semilla a nivel nacional. El precio de venta de la
semilla por tonelada ha aumentado de $15,502:00 MXN
en 2005 a $35,000.00 MXN en 2011, lo que hapior iciado
elincremento de la superficie sembrada ea 2 entidad de
4,228 a 5,742 ha. Sin embargo, la prodaiccidn en México
y en varias partes del mundo se vesatiga.ada durante el
verano por las condiciones cdlidacyv e alta humedad
relativa que favorecen la pretencia de enfermedades
(Cohen, Burger, Horev, Korda, ¥ .delstein, 2007; Zitter,
Hopkins & Thomas, 2004).

En algunas zonas,derysstadef™e “@uerrero se cultiva
calabaza pipiana‘n,suelasyo4nos y mal drenados,
que aunadosal, habito®ay./crecimiento rastrero e
indetermirace del cultivh generan un microclima con
optimasscanaicionss para el desarrollo e infeccién por
honggs 7 ovmigftessomo Phytophthora spp., causando
péitidas en elqendimiento (Ayvar-Serna, Mena-Bahena,
Durdn-Ramiinz.) Cruzéley-Sarabia, & Goémez-Montiel,
2007), lo'que dismin'ie 10s ingresos de los productores
dedicd dos) dl cutivp de calabaza. Los agricultores
coriuniente ‘at/lizan fungicidas sistémicos para el
oytivl de enferniedades durante prolongados periodos
dostiemnu/isi & Sierotzki, 2008); por lo que su uso
<xcesivo| ha provocado contaminacién ambiental y
hay disininuido su eficiencia debido a la constante
avo..cion de los patdgenos (Bartlett, Clough, Godwin,
H /i, Hamer, & Parr-Dobrzanski, 2002).

Recientemente, la tendencia del control de enfermedades
de las plantas sin utilizar productos quimicos se ha
acrecentado. En los ultimos 30 afios, se han usado
microorganismos benéficos para el control biolégico
de enfermedades (Lim & Kim, 2010; Yang et al, 2012),
principalmente hongos como Trichoderma, Gliocladium,
Coniothyrium y Candida, asi como las bacterias Streptomyces,
Pseudomonas, Bacillus y Agrobacterium (Harman, Obregon,
Samuels, & Lorito, 2010; Pliego, Ramos, Vicente, &
Cazorla, 2011). El uso de estrategias aisladas han tenido
poco impacto, por ello es necesario implementar un
manejo integrado (Antonopoulos, Melton, & Mila, 2010;
Bi, Jiang, Hausbeck, & Hao, 2012). Por lo anterior, el
objetivo de la investigacion fue identificar morfolégica
y molecularmente al oomicete causante de la pudricién
de frutos de calabaza pipiana, y evaluar opciones de
control quimico y biolégico en invernadero.

Materiales y métodos
Material vegetal

Durante agosto y septiembre de 2011 se colectaron
frutos de calabaza pipiana (C. argyrosperma), del genotipo
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19’ NL, 99° 39’ WL, and at 640 meters. The sample size
and W-transect type of systematic sampling used in the
present study were based on the methodology proposed
by Pedroza-Sandoval (2009). Symptoms considered were
sunken watery spots with white mycelium growing on
the bottom and top of the fruit (Zitter et al., 2004).

Morphological identification

From pumpkin fruits with symptoms and signs of
rot, five pieces of 0.5 cm? tissue were taken from the
advancing disease area. Samples were disinfected
with 1.5 % sodium hypochlorite for two minutes,
washed three times with sterile distilled water and
dried. In total 100 tissue samples were sown in Petri
dishes containing vegetable juice-Agar (V8-Agar) as
culture medium (Singlenton, Mihail, & Rush, 1992).
Each developed colony was isolated and purified
by monozoosporic culture using the methodology
described by Ferndndez-Herrera, Guerrero-Ruiz,
Rueda-Puente, and Acosta-Ramos (2013). To obtain
sexual structures, five discs of approximately 1.0 cm in
diameter with the medium containing the pathogen
were placed in Petri dishes with 20 mL of sterile
water. The pathogen was incubated at 25 * 1 °C, and
four days later they produced sporangia. Preparations
were made and analyzed in light microscopy at 40 X.
The length and width of 30 sporangia were measured.
Additionally, scanning electron microscopy was
performed. Morphological identification was based
on the keys described by Singlenton et al. (1992),
Watanabe (2002) and Gallegly and Hong (2008).

Pathogenicity tests

Twenty healthy fruits were disinfected with 1.5 %
sodium hypochlorite for two minutes, washed with
distilled water and dried on paper towels, both sterile.
The increase in the inoculum was in V8-Agar medium.
After 15 days of growth, 40 mL of a suspension was
prepared at a concentration of 4 x 10° zoospores per
mlL; in total, 15 fruits were inoculated by spraying
with 2.5 mL per fruit. Only sterile distilled water was
applied to the control. Inoculated fruits were placed
on 60 x 40 cm Styrofoam trays, previously disinfected
with 70 % ethanol and incubated under controlled
conditions in a glasshouse at 26 °C and 80 % relative
humidity. Symptoms of advancing rot were recorded
daily for eight days. Ten tissue samples (£ 0.5 cm?)
were obtained from the forward rot areas, disinfected
in the same way as the fruits, and sown on V8-Agar
culture medium. The morphological characteristics
of the reisolated colony were determined to complete
Koch’s postulates. The reisolated oomycete was
purified and incubated for 15 days in V8-Agar culture
medium for DNA extraction.
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criollo Apipilulco, de un lote del Campo Experimental
del Colegio Superior Agropecuario del Estado de
Guerrero, localizado en el municipio de Cocula, Gro.,
ubicado a 18° 19’ LN, 99° 39’ LO y a 640 msnm. El
tamanio de muestra y tipo de muestreo sistemdtico de
transecto en W se realizé bajo la metodologia propuesta
por Pedroza-Sandoval (2009). Los sintomas considerados
fueron manchas acuosas hundidas con un crecimiento
de micelio blanco en la parte inferior y superior del
fruto (Zitter et al., 2004).

Identificacién morfologica

De los frutos de calabaza con sintomas y signos de
pudricién, se tomaron cinco trozos de tejido de 0.5 cm?
de la zona de avance de la enfermedad. Las muestras
se desinfectaron con hipoclorito de sodio al 1.5 % por
dos minutos, se lavaron tres veces con agua destilada
estéril y se secaron. En total se sembraron 100 muestras
de tejido en cajas Petri conteniendo como medio de
cultivo jugo de verduras Agar (V8-Agar) (Singlenton,
Mihail, & Rush, 1992). Cada colonia desarrollada se
aislé y purificé por cultivo monozoospdrico utilizando
la metodologia descrita por Ferndndez-Herrera, Guerrero-
Ruiz, Rueda-Puente, y Acosta-Ramos (2013). Para
obtener estructuras sexuales, se contaron cinco discos
de aproximadamente 1.0 cm de didmetro, del medio
que contenia el patégeno, y se colocaron en cajas Petri
con 20 mL de agua esterilizada. El patégeno se incub6 a
25+ 1 °C, y a los cuatro dias produjeron esporangios. Se
hicieron preparaciones y se analizaron en microscopia
de luz a 40 X. En 30 esporangios se midi6é el largo
y ancho. Adicionalmente, se realizé microscopia
electrénica de barrido. La identificacién morfolégica
fue con base en las claves de Singlenton et al. (1992),
Wantanabe (2002) y Gallegly y Hong (2008).

Pruebas de patogenicidad

Se desinfectaron veinte frutos sanos con hipoclorito
de sodio al 1.5 % por dos minutos, se lavaron con
agua destilada y secaron sobre papel toalla, ambos
estériles. El incremento del in6culo fue en medio V8-
Agar. Después de 15 dias de crecimiento, se prepar6 40
mL de una suspensién a una concentraciéon de 4 x 10°
zoosporas por ml; en total, 15 frutos fueron inoculados
mediante aspersiéon con 2.5 mL por fruto. Al testigo
Unicamente se le aplicé agua destilada estéril. Los frutos
inoculados fueron colocados en charolas de unicel de
60 x 40 cm, previamente desinfectadas con etanol al
70 % y se incubaron en condiciones controladas en
un invernadero de cristal a 26 °C y 80 % de humedad
relativa. Los sintomas de avance de pudricién se
registraron diariamente por ocho dias. De las zonas
de avance de pudricién se obtuvieron 10 muestras de
tejido (£ 0.5 cm?), se desinfestaron, de la misma manera
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Molecular identification

DNA extraction was performed from 50-100 mg of
mycelium, using the DNeasy™® kit and following the
manufacturer’s procedure (Anénimo, 2012). Universal
PCR reactions were performed for fungi and oomycetes
with the primers ITS-1fu 5’-tccgtaggtgaacctgegg-3’ and
ITS-4 5-tcctccgettattgatatge-3’ (White, Burns, Lee, &
Taylor, 1990), which amplify an internal transcribed
spacer (ITS) and generate a product of varying size,
between approximately 500 and 900 base pairs (bp).
This practice was carried out with a reaction mixture
in a final volume of 25 pL, whose final components
were 1X reaction buffer, 2 mM MgCl,, 200 uM of each
dNTP, 20 pmol of each primer and 1 unit of Taq DNA
polymerase (Promega). The thermal program consisted
of maintaining the temperature at 94 °C for 2 min,
followed by 35 cycles at 94-55-72 °C for 30-30-60 s and
a final extension of 5 min at 72 °C. The products of
the PCR reactions were separated by electrophoresis
in 1.5 % agarose gels, and the fragments obtained
were observed in a UVP-brand UV transilluminator.
The PCR-amplified fragments were sequenced and
compared with the National Center for Biotechnology
Information (NCBI) GenBank database.

Evaluation of chemical and biological control

The effect of different active ingredients ‘Ciiw he
pathogen isolated in the Department of Ag:iowlcural
Parasitology’s Plant Pathology glassh€usg, vat the
Universidad Auténoma Chapingo, £hapiligo, (state
of Mexico was compared. The plant material ¢vasiie
pipiana pumpkin (criollo genotype A ipililco),fusing
only tender and healthy fruitsswdig/iing 2bau w150 g.

A monozoosporic isolate wag ¢btaineciiom frulteqvith
different symptoms an/ wyels of dainage and then'sown
in V8-Agar culture mediasii forgrowtii (Singlenton et al.,
1992). To induce zogspire projitstion, V8-Agar medium
discs containiyg tizadpathogei . were sown in Petri dishes
containing 2uyntOf sterile distilled water and incubated
at 25 °C_forthree days (Ferndndez-Herrera et al., 2013).
Subseque.tly, the zoospore suspension was adjusted
to a“toncentration of 4 x 10°mL™. First, the treatments
were <pplied (Table 1) using a 2-liter hand sprayer (RL
FLO MASTER); the surface of the fruits was sprayed with
a water expenditure of 300 liters-ha’. Five hours were
allowed to elapse to allow reentry of the products; once
the time had elapsed, 2.5 mL of the adjusted pathogen
concentration were sprayed.

Variable evaluated

The variable evaluated was days to the presence of the
pathogen, which was the number of days it took, after
applying the treatments and inoculating the pathogen,
for colonies to begin appearing on the 0.5 cm? samples.

que los frutos, y se sembraron en medio de cultivo V8-
Agar. Las caracteristicas morfolégicas de la colonia
reaislada fueron determinadas para completar los
postulados de Koch. El oomiceto reaislado se purificé
e incub6 durante 15 dias en medio de cultivo V8-Agar
para la extraccién de ADN.

Identificacion molecular

La extracciéon de ADN se realizd a partid. dey50 a 100
mg de micelio, utilizando el kit DNe¢Sy?*; siguiendo
el procedimiento del fabricante (/noéi‘tmo, 2012). Se
realizaron reacciones de PCR univeiasi para hongos y
oomicetes con los oligos ITS-1fiz 54 tcegtaggtgaacctgegg-3’
y ITS-4 5’-tcctccgettattgatatyed® (White, Bruns, Lee,
& Taylor, 1990); los cuales »mplifican un espaciador
transcrito interno (ITS) v geneian jun producto de
talla variable entr¢ 500y 9t9pares de bases (pb)
aproximadamente. “Ssta piacuce se realizd6 con una
mezcla de reatcion®n urivyluden final de 25 pL, cuyos
componen#ey, 1idles £ueren amortiguador de reaccién
1X, MgCI' 2, dANZ2’s 290 pM de cada uno, 20 pmoles de
cada o.ig-nucledido y'1 unidad de Taq DNA polimerasa
(Promoga). ELoregiwina térmico consistié en mantener la
tompueratyzan 24 °C dauda) 2 2 min, seguido de 35 ciclos
a 14-55-72, "¢ s.urapt2 30'30-60 s y una extension final de
5 min, 77 °C. Laswidductos de las reacciones de PCR
fueiyr weparados or electroforesis en geles de agarosa
a5 %, yes fragmentos obtenidos se observaron en
u) rangfunraador de luz ultravioleta marca UVP. Los
rragmentc s‘amplificados por PCR fueron secuenciados y
convarados con la base de datos del banco de genes del
Iavional Center for Biotechnology Information (NCBI, por sus
sig.das en inglés).

Evaluacién de control quimico y biolégico

Se compar6é el efecto de diferentes ingredientes
activos sobre el patégeno aislado en el invernadero
de Fitopatologia del Departamento de Parasitologia
Agricola de la Universidad Auténoma Chapingo,
en Chapingo Estado de México. El material vegetal
implementado fue el genotipo criollo Apipilulco de
calabaza pipiana, utilizando solo frutos tiernos y sanos
de aproximadamente 150 g.

De los frutos con diferentes sintomas y niveles de dafio
se obtuvo un aislamiento monozoospoérico, mismo
que fue sembrado en medio de cultivo V8-Agar para
su incremento (Singlenton et al., 1992). Para inducir
la produccién de zoosporas se sembraron discos, de
medio V8-Agar conteniendo el patégeno, en cajas de
Petricon 20 mL de agua destilada estéril y se incubaron
a 25 °C por tres dias (Ferndndez-Herrera et al., 2013).
Posteriormente, se ajust6 la suspension de zoosporas
a una concentraciéon de 4 x 10° mL*. Primeramente
fueron aplicados los tratamientos (Cuadro 1) con un
aspersor manual (RL FLO MASTER) con capacidad de
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Table 1. Products evaluated for the control of P. capsici in pipiana pumpkin (C. argyrosperma).
Cuadro 1. Productos evaluados para el control de P. capsici en calabaza pipiana (C. argyrosperma).

Treatment/Tratamiento

Active ingredient/Ingrediente activo

Dose per liter/
Dosis por litro

Trichoderma strain CSAEGro/ Trichoderma asperellum 1x108 CFU-mL?/
Trichoderma cepa CSAEGro P 1x10® UFC-mJ«
PHC® Biopak-F® Bacillus spp., Streptomyces spp., Trichoderma spp. 2.8

Trichoderma virens strain G-41/
® ®
PHC® Root Mate Trichoderma virens cepa G-41 38
Q2000 Free iodine/Yodo libre 5mL
Previcur®Energy propamocarb + fosetyl/ propamocarb + i s#til 6 mL
}' 1 5
Ridomil Gold® Bravo SC metalaxyl + chlorogong/ 6 mL

metalaxil + clopgvalownil

Control/Testigo

Without applicaticas Jin aplicacion -

CFU = Colony Forming Units
UFC = Unidades formadoras de colonias

Experimental design and data analysis

A completely randomized design with¥our replitatiods
was used. The experimental ups woisisted o four
fruits; due to the characteristigs ¢St e exmeirient, the
entire unit was considered asyi=fil plof. Ag analysis !
variance was performed witli*the date”Ubtaine( omn
the study variable. Sifuiarly, a mueliiple compaiison
test was performedyusing the/Tukey method with a
significance level o1 7, and/ytigZgonal contrasts were
used to compale tis'chemicdt vs. biological treatment
groups. Statissical’analyzes were performed using the
SAS statiStizal “package (Statistical Analysis System
[SAS], 2000

Resulis and discussion
Morphological identification

The original isolate colonies showed white, cottony
mycelial growth with unipapillate and bipapillate
sporangia from 20-50 x 15 -42.5 pm, and papilla from
6.02-7.05 pm wide. The morphological characteristics
observed are consistent with those described by
Singlenton et al. (1992), Wantanabe (2002) and Gallegly
and Hong (2008) for P. capsici (Figura 1).
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2" litros; .al gerjando sobre la superficie de los frutos
confun gasto de agua de 300 litros-ha'. Se dejé
tfanscurrir 5 horas para permitir la reentrada de los
prciuctos; transcurrido el tiempo se asperjo 2.5 mL
de la concentracion ajustada del patdgeno.

Variable evaluada

Lavariable evaluada fue dias a la presencia del patégeno;
la cual se consideré determinando en cudntos dias,
después de aplicar los tratamientos e inoculacién del
patégeno, iniciaba la aparicién de colonias sobre las
muestras de 0.5 cm? sobre los frutos de calabaza.

Disefio experimental y andlisis de datos

Se utilizé6 un disefio completamente al azar con
cuatro repeticiones. La unidad experimental estuvo
constituida por cuatro frutos; por las caracteristicas
del experimento se consider6 a toda la unidad como
parcela util. A los datos obtenidos de la variable
de estudio se les realiz6 un andlisis de varianza. De
igual forma, se efectu6 una prueba de comparacion
multiple de medias utilizando el método Tukey con
nivel de significancia al 1 %, y contrastes ortogonales
para comparar el grupo de tratamientos quimicos
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Figure 1. Typical morphological characterlstl
sporangium and smooth myce
sporangium.

Figura 1. Caracteristicas morfologlcas

micelio liso, c¢) micelio tor

0
S

oomycete and su%1 ay to brown watery
lesions (Figur Q control fruits showed
B

no signs gf Q re 2

Mole identification

Pathogenicity test

All inoculated fruits
watery rot, abunda

T -PCR products were bands of 779 bp (base
pairs). The two directions sequenced per isolate had
99 % similarity. The sequence of the isolate identified
by morphology was aligned with two sequences of the
same species in the NCBI GenBank, and the alignment
was with the highest identity value. The obtained
sequence was deposited in GenBank and the access
number KJ652220 was obtained.

Evaluation of chemical and biological control

The presence of the pathogen in fruits is an important
characteristic; since once it is identified in tender

PaP

- “‘P-')ME

‘.3,500 5t

porang and smooth mycelium, b) papillate
and papillate sporangium d) papillate

Es

nglo y micelio liso, b) esporangio papilado y
y d) esporangio papilado.

‘v \\ contra el grupo de tratamientos biologicos. Los andlisis

estadisticos se realizaron con el paquete estadistico
SAS (Statistical Analysis System [SAS], 2009).

Resultados y discusion
Identificaciéon morfolégica

Las colonias del aislamiento original mostraron
crecimiento  micelial blanco algodonoso con
esporangios de 20-50 x 15-42.5 pm unipapilados y
bipapilados, y papila de 6.02 a 7.05 pm de ancho. Las
caracteristicas morfolégicas observadas concuerdan
con las descritas por Singlenton et al. (1992), Wantanabe
(2002) y Gallegly y Hong (2008) para P. capsici (Figura 1).

Prueba de patogenicidad

Todos los frutos inoculados mostraron sintomas de
pudricion acuosa hundida, abundante micelio color
blanco tipico del oomicete y lesiones acuosas hundidas de
color pardo a marrén (Figura 2A). Mientras que los frutos
control no presentaron sintomas de pudricién (Figura 2B).
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A) Inoculated / Inoculados

Figure 2. Symptoms induced by inoculation of P. capsici in pumpkin fruii:#A) Suiakon watery rot with white
mycelial growth and sunken, brownish-gray to brown water’ lesi<as ard ) (isease-free control fruits.
Figura 2. Sintomatologia inducida por la inoculacién de P. capsici en tutis deycalaraza. A) Podredumbre acuosa
hundida con crecimiento de micelio blanco y lesiones_icupsas hyi dicas de color pardo a marrén y B)

frutos control libres de la enfermedad.

fruits, they are completely damaged and lost, affectipg
the crop’s most valuable product: the seeds (Trigo:
Ramirez, & Salinas, 2008; Diaz-Ndjera, 2013}, 'Lhis
variable showed highly significant differencisw:? <
0.0001), since in the mean comparisons “hn, activ
ingredients, propamocarb + fosetyl ant. 1iecalaxit
chlorothalonil, delayed the appearamse0i'r’. cafsisi v
the sixth day, while the control diifeina frodinaithe
treatments as the pathogen appeaied at 2.8 das after
inoculation (Figure 3).

The inhibitory effect of 1< "vomygce vas die p the
fact that the active @ingredients “isud are spediric to
oomycetes. Propamocaro beiongs to the carbamate
group, and in “podaycesdy it affects lipids and
membrane sintizasis (FRAC, 2011). The phosphonate
group inc'tidendrosetyl-Al, which is very selective to
oomycefestin in vivo conditions. Fosetyl-Al causes effects
in vai.or.s,metabolic sites in the mycelial phase of the
patiaoyen’s life cycle and inhibits sporulation at low
concentrations (Erwin & Ribeiro, 2005). In this regard,
Hu, Hong, Stromberg, and Moorman (2007) note that
propamocarb and fosetyl-Al have good protective and
curative action against oomycetes, which supports
what was found in the present study. For their part,
Reiter, Wenz, Buschhaus and Buchenauer (1995) state
that the active ingredient propamocarb inhibits the
formation of oospores in P. infestans. However, it is
reported that fosetyl-Al has a high degree of systemic
activity and efficacy that is generally superior against

Revista Chapingo Serie Horticultura | Vol. XXI, niim. 2, mayo-agosto 2015.

1dentifizavion malecular

Laosyieductos ¢erITS-PCR fueron bandas de 779 pb
Wi.res dedbases). Las dos direcciones secuenciadas por
Jisiamisnio. uvieron 99 % de similaridad. La secuencia
del ais]a rfiento identificado por morfologia se alineé
cofy dos secuencias de esa misma especie en el banco de
gones del NCBI, y la alineacién fue con el mads alto valor
dd"identidad. La secuencia obtenida fue depositada en
el banco de genes (GenBank) y se obtuvo el nimero de
acceso KJ652220.

Evaluacién de control quimico y biolégico

La presencia del patégeno en fruto es una caracteristica
importante; puesto que una vez identificada en frutos
tiernos estos se dafian por completo y se pierden,
afectando el producto de mayor valor del cultivo: las
semillas (Trigos, Ramirez, & Salinas, 2008; Diaz-Ndjera,
2013). Esta variable mostré diferencias altamente
significativas (P < 0.0001); ya que en las comparaciones
de medias los ingredientes activos, propamocarb
+ fosetil y metalaxil + clorotalonil, retardaron la
aparicion de P. capsici al dia seis, mientras que el testigo
se diferenci6 de todos los tratamientos apareciendo
el patégeno a los 2.8 dias después de la inoculacién
(Figura 3).

El efecto inhibitorio del oomicete se debié a que los
ingredientes activos usados son especificos para
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oomycetes, exerting good control (Gent, Ocamb, &
Farnsworth, 2010).

The phenylamide group includes metalaxyl, which
in oomycetes affects the synthesis of nucleic acids;
therefore, its control begins when the mycelium starts
growing (FRAC, 2011); However, despite being a very
effective fungicide, it has a high risk of developing
resistance due to its specific and unique mode of action
(Elliott, Shamoun, & Grace, 2015); it is recommended
to use it in a mixture with contact fungicides such as
chlorothalonil whose multi-site effect makes it effective
against pathogens such as oomycetes, and it also has a
lower risk of resistance (FRAC, 2011; Elliott et al., 2015).

There are reports that metalaxyl has reduced the
progress of diseases caused by oomycetes (Alvarez-
Romero, Garcia-Velasco, Mora-Herrera, Gonzdlez-
Diaz, & Salgado-Sicldn, 2013), since it is effective
at all stages of the pathogen’s life cycle (Qi, Wang,
Zhao, 1i, Ding, & Gao, 2012). Studies have shown that
metalaxyl is efficient in reducing infection by P. capsici
(Ferndndez-Herrera, Acosta-Ramos, & Pinto, 2007).
The multi-site fungicide chlorothalonil proved to be
one of the most effective treatments within the range
evaluated in a mixture with metalaxyl, which was

oomicetes. El propamocarb pertenece al grupo de los
carbamatos, en oomicetes afecta los lipidos y sintesis
de la membrana (FRAC, 2011). Dentro del grupo de los
fosfanatos se encuentra el fosetil-Al; el cual es muy
selectivo a oomicetes en condiciones in vivo Fosetil-Al
causa efectos en varios sitios metabodlicos en la fase
micelial del ciclo de vida del patégeno e inhibe la
esporulacion a bajas concentraciones (Erwin &Ribyiro,
2005). Al respecto Hu, Hong, Stromberg, ¥ Mociman
(2007) sefialan que el propamocarb y foéciil-+i4 tienen
buena accién protectora y curativa co.ligs, oomicetos;
siendo esto un respaldo para lo (°nccatrado en la
presente investigaciéon. Por su, paife, Reiter, Wenz,
Buschhaus, y Buchenauer (19991024 que el ingrediente
activo propamocarb inhibe®a‘{ormacién de oosporas
en P. infestans. Sin embargn. e repurta que el fosetil-
Al tiene alto grado de“aciividad sist/mica y eficacia
generalmente supetior contra We.ulcetos, ejerciendo
un buen control {Geny Ocamn.l, ¢ Farnsworth, 2010).

Dentro del{giwnu de,ins & ailamidas se encuentra el
metalaxyl, que en gb1nicewos afecta la sintesis de dcidos
nucleicod! por le tante, su control ocurre cuando inicia
el crepirienteydel miceliv (FRAC, 2011); sin embargo,
aun siendefurjrangicita miay eficaz tiene un riesgo
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Figure 3. Days to the presence of P. capsici per treatment. HSD: Honest significant difference. T1: Trichoderma
strain CSAEGro; T2: PHC® Biopak-F®; T3: PHC® RootMate®; T4: Q 2000; T5: Previcur® Energy; T6: Ridomil

Gold® Bravo SC; T7: Control.

Figura 3. Dias a la presencia de P. capsici por tratamiento. DMSH: diferencia minima significativa honesta. T1:
Trichoderma cepa CSAEGro; T2: PHC® Biopak-F®; T3: PHC® RootMate’; T4: Q 2000; T5: Previcur® Energy; T6:

Ridomil Gold® Bravo SC; T7: Testigo.

Revista Chapingo Serie Horticultura | Vol. XXI, ntim. 2, mayo-agosto 2015.



Diaz-Ndjera et al.

due to it being a compound with multi-site action on
oomycetes, as reported by Gisi and Sierotzki (2008).
Amrutha, Eswara-Reddy, Bhasakara-Reddy, and
Prasanthi (2014) point out that the key factors
contributing to the antagonistic effect of Trichoderma
are its rapid growth, production of antimicrobial
metabolites and physiological characteristics (El-
Katatny & Emam, 2012).

The result obtained with T. virens strain G-41 agrees
with that reported by different authors (Harman et
al., 2010; El-Katatny & Emam, 2012) who mention the
biocontrol capabilities of the genus Trichoderma. In
general, Trichoderma spp. has been extensively studied
as a biocontrol agent of many plant pathogens. Osorio-
Herndndez, Herndndez-Castillo, Gallegos-Morales,
Rodriguez-Herrera, and Castillo-Reyes (2011) reported
a suppressor and inhibitory effect of Trichoderma spp.
against P. capsici.

The product PHC® Biopak-F® has the advantage of
containing various biocontrol agents, including
Streptomyces, which, during sporulation, produce
extracellular hydrolytic enzymes and antibiotics such
as secondary metabolites (Elleuch et al., 2010), and in
interaction with fungal pathogens they are generally
related to the production of enzymes such as cellulases,
hemicellulases, chitinases, amylase and betaglucanases¢
that degrade the cell wall (Chater, Biro, Lee, Palme#,"%
Schrempf, 2010).

There is reported evidence that microorgagfisi(s suck
as Bacillus subtilis, Streptomyces and Trichdetna spp.)
included in the product PHC® Biopak-i:adividuall

and in combination, are very prémising biocpr.trol
agents in the management of<o1bornedpathogens
(Koberl et al., 2013). Differef:tsat/chors rep ort gocd
control in soil-borne patheger s similal ta tiiose #5LAS
research, such as P. capsisi (Liia & Kitni)2€'10).

The fundamental purpase of allaglicultural activity is the
optimal use of availal le resGrias, thereby maximizing
profitability, £C: this reason, it is important to carry
out econorlic analyses to determine the feasibility of
treatmezii) applied to this crop. The benefit-cost ratio
of apziirui.z chemical and biological fungicides has been
studiel{ by Diaz-Ndjera (2013), who reports earnings
per peso invested ranging from $ 0.02 MXN to $ 0.39
MXN, obtaining the greatest profit with the native strain
CSAEGro T. asperellum. The consequences of possible
residuality in the seeds have not been studied; however,
it may be ignored because the applications are made
preventively at the beginning of fructification (40-45
days after sowing) and the fruits are harvested once they
reach physiological maturity (uniform yellow color) at
120 days after sowing, when 75-80 days have already
elapsed since application (Diaz-Ndjera, 2013).
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elevado de desarrollo de resistencia debido a su
especifico y tinico modo de accién (Elliott, Shamoun,
& Grace, 2015), y se recomienda utilizarlo en mezcla
con fungicidas de contacto como el clorotalonil cuyo
efecto multi-sitio lo hace efectivo contra patégenos
como oomicetes, ademds tienen un menor riesgo de
resistencia (FRAC, 2011; Elliott et al., 2015).

Existen reportes de que el metalaxil ha redusido el
progreso de enfermedades ocasionadas por scmi etos
(Alvarez-Romero, Garcia-Velasco, Mora-HerresayGonzdlez-
Diaz, & Salgado-Sicldn, 2013), dado que es,¢fivaz en todas
las etapas del ciclo de vida del patdgaro» (Qi, Wang,
Zhao, Li, Ding, & Gao, 2012). Estudics ban demostrado
que el metalaxil es eficiente q@n 13 reduccién de la
infecciéon por P. capsici (Fefn.niez-Herrera, Acosta-
Ramos, & Pinto, 2007). “FI fungicida multi-sitio
clorotalonil resulté sepnasile 1a6 Wratamientos mds
efectivos dentro de_la gazia eveliuadd en mezcla con
metalaxil; lo cual SGiebidé asgue s un compuesto con
acciéon multi-siticysobre o@uiics cos, como lo reportan
Gisi y Sierotzk.\(2008).

Amruth&, Eswara-Reddy, Bhasakara-Reddy, y Prasanthi
(201¢nsetalan guy, Jos factores clave que contribuyen
al, efcfo antagonico demTicchoderma son su rdpido
cre cimient(, pypduccidiadednetabolitos antimicrobianos
y caract(risyicds fisiblcpicas (El-Katatny & Emam, 2012).

Eldeyuitado obtenido con T. virens cepa G-41 concuerda
&4 o repo ! dipor diferentes autores (Harman et al.,
20.0; El‘'Ka -atiiy & Emam, 2012) quienes mencionan las
tapacidaties biocontroladoras del genero Trichoderma.
Epggoiicral, Trichoderma spp. ha sido ampliamente
esttZiado como agente biocontrolador de muchos
patogenos de las plantas. Osorio-Herndndez, Herndndez-
wastillo, Gallegos-Morales, Rodriguez-Herrera, vy
Castillo-Reyes (2011) reportaron un efecto supresor e
inhibitorio de Trichoderma spp. contra P. capsici.

El producto PHC® Biopak-F® tiene la ventaja de
contener varios agentes biocontroladores, entre ellos
Streptomyces; el cual, durante la esporulacién, produce
enzimas hidroliticas extracelulares y antibidticos
como metabolitos secundarios (Elleuch et al,
2010), y en interaccién con patégenos flungicos se
relacionan generalmente con la produccién de enzimas
como celulasas, hemicelulasas, quitinasas, amilasa y
betaglucanasas que degradan la pared celular (Chater,
Biro, Lee, Palmer, & Schrempf, 2010).

Existe evidencia reportada de que los microorganismos
como Bacillus subtilis, Streptomyces y Trichoderma spp.,
incluidos en el producto PHC® Biopak-F® en forma
individual y en combinacién, son agentes de biocontrol
muy prometedores en el manejo de patdégenos
habitantes del suelo (Koberl et al., 2013). Diferentes




166

Morphological and molecular...

Chemical / Quimicos

Biological / Biolégicos

Figure 4. Comparison of the chemical and biological fungicide groups in the appearanc:’ of P. capsici.
Figura 4. Comparacion del grupo de fungicidas quimicos vs. biol6égicos en la apariciin ¢ e P. cansici.

Orthogonal contrast test

This test indicated that there are highly significant
differences (P < 0.0001) between the biological and
chemical products. The biological treatment group
delayed the appearance of P. capsici by an average of
4.22 days, while the chemical treatment group delayed
it by an average by 5.80 days; the chemical grous,
therefore, was better because it delayed the pathogtn’s
appearance by an additional 1.58 days (Figure 4.

Conclusions
Morphological and molecular idenuifivations

pathogenicity tests, confirmed thatthetausal ageat of.
rot in pipiana pumpkin fruits wds 2/ apsic

a\|
P

The fungicides propamocarb ¥ 10setviyArard metiloy1
+ chlorothalonil delaye tii2 presency of the oomycete
by six days, whereds tiid biclogica: control agents
delayed it by about feau'days

End of English version
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Conclusiones
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fue P. capsici.
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