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Abstract. In vitro effectiveness of two plant
extract-based products, System Max® (Mimosa
tenuiflora + Quercus robur) and Sedric 4X®
(Yucca schidigera); and three biological control
agents-based products, BliteFree® (Streptomyces
spp.), Clean® (Bacillus
+ B. thuringiensis + Trichoderma harzianum
+ T viride), and Tonka® (Bacillus subtilis +
Trichoderma harzianum + Streptomyces Ilydicus)

BioFungus subtilis
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Resumen. Se evalué la eficacia in vitro contra Cur-
vularia eragrostidis de dos productos a base de ex-
tractos de plantas, System Max® (Mimosa tenuiflo-
ra + Quercus robur) y Sedric 4X® (Yucca schidi-
gera), y tres productos a base de agentes de control
bioldgico, BliteFree® (Streptomyces spp.), Bio-
Fungus Clean® (Bacillus subtilis + B. thuringien-
sis + Trichoderma harzianum + T. viride) y Tonka®
(Bacillus subtilis + T. harzianum + Streptomyces
lydicus). El fitopatdégeno fue aislado de manchas
foliares en plantas de piha (Ananas comosus). La
cepa fue identificada por reconstruccion filogené-
tica usando las secuencias TDNA ITS1-5.8S-1TS2
como Curvularia eragrostidis. En bioensayos do-
sis respuesta se evaluaron cinco concentraciones: 0
(control), 0.125, 0.25, 0.5 y 1.0% de cada producto
comercial. Se midio el crecimiento diario del mice-
lio (CDM), la inhibicion del crecimiento del mice-
lio (% ICM) y la concentracion letal media (CL,).
Sedric 4X® mostro el% ICM mas alto (75%) a la
concentracion mas alta, mientras que Tonka® mostrd
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were evaluated against Curvularia eragrostidis,
an associated fungus to leaf spot disease in
pineapple (Ananas comosus) plants. The strain was
identified by phylogenetic reconstruction using the
rDNA ITS1-5.8S-ITS2 sequences as Curvularia
eragrostidis. Through a doses response-bioassays
five concentrations: 0 (control), 0.125, 0.25,
0.5 and 1.0% of each commercial product were
tested. Daily mycelial growth (DMG), mycelial
growth inhibition (% MGI) and the lethal mean
concentration (LC,) were calculated. Sedric
4X® showed the highest% MGI (75%) at highest
concentration, while Tonka® showed the highest%
MGI (65%) at lower concentration, being constant
(65.3-66.9%) at all the concentrations tested. The
lowers values of EC,j were achieved by Tonka®
(0.008%), BliteFree® (0.015%) and BioFungus
Clean® (0.017%). In contrast, the highest CE
were reached by Sedric 4X® (0.260%) and System
Max® (3.5%). SystemMax® and Sedric 4X®,
showed a positive relation between concentration
and% MGI, despite its highest CE, values. The
biofungicides seem to be more effective against C.
eragrostidis than plant extracts fungicides.

Key words: Bacillus, CL,, phytopathogen,
Trichoderma, Streptomyces.

Pineapple (Ananas comosus) is the third most
important tropical crop worldwide (Sanewski et
al., 2018). Curvularia clavata is the causal agent
of leaf spot in pineapple plants with incidences
from 35 to 58% in China (Zhong et al., 2016)
and C. eragrostidis causes a post-harvest loss in
pineapple fruit in Brazil (Ferreira et al., 2014),
and Curvularia sp. causes leaf spot in pineapple
crop fields in Nicaragua (Garcia-Osorio and
Orozco-Gomez, 2016). Mexico is the 7 producer
of pineapple (INEGI, 2019) around the world.
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el% ICM mas alto (65%) a la concentracion mas
baja, siendo constante (65.3-66.9%) en todas las
concentraciones probadas. Los valores mas bajos
de CL, los alcanzaron Tonka® (0.008%), BliteFree
(0.015%) y BioFungus Clean® (0.017%). En cam-
bio, los CL,, mas altos los alcanzaron Sedric 4X®
(0.260%) y System Max® (3.5%). SystemMax® y
Sedric 4X® mostraron una relacion positiva entre
concentracion y% ICM, a pesar de sus valores altos
de CL,,. Los biofungicidas fueron mas efectivos
que los fungicidas a base de extractos de plantas.

Palabras clave: Bacillus, CL_, fitopatogeno, Tri-

50°
choderma, Streptomyces.

La pifa (4dnanas comosus) es el tercer cultivo
tropical mas importante en todo el mundo (Sanews-
ki et al., 2018). Curvularia clavata es el agente
causal de la mancha foliar en plantas de pifia, con
una incidencia de entre 35 y 58% en China (Zhong
et al., 2016). Curvularia eragrostidis causa pérdi-
das poscosecha en frutos de pina en Brasil (Ferreira
etal.,2014). Curvularia sp. causa mancha foliar en
campos de cultivo de pifia en Nicaragua (Garcia-
Osorio y Orozco-Gomez, 2016). México es el 7°
productor de pifia (INEGI, 2019) a nivel mundial.
Recientemente, Maldonado-Michel et al. (2021) re-
portaron a C. eragrostidis como el agente causal de
la mancha foliar de la pifia en el estado de Colima
(Pacifico Centro de México). Sin embargo, ese es-
tudio carece de datos moleculares para una identi-
ficacidn precisa de las especies. También probaron
la actividad antifungica de los extractos de semillas
de Swietenia humilis. No obstante, el manejo local
regular de enfermedades fungicas incluye fungici-
das quimicos, a pesar de que los principales efectos
secundarios de estos productos estan relacionados
con danos a la salud humana, impacto ambiental
severo y desarrollo de cepas resistentes (Heydari
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Recently, Maldonado-Michel et al. (2021) reported
C. eragrostidis as the causal agent of pineapple
leaf-spot in Colima state (Pacific Center of
Mexico). However, this study lacks molecular data
for accurate species identification. They also tested
seed extracts of Swietenia humilis for antifungal
activity. However, the regular local management
of fungal diseases includes chemical fungicides,
despite the fact that the main side-effects of these
products are related to damage to human health,
severe environmental impact, and development of
resistant strains (Heydari and Pessarakli, 2010).
Therefore, there is a need to evaluate alternative
methods such as biological control agents (BCA)
and plant extracts (PE), which have shown to be
safer and efficient (Cerqueira-Sales et al., 2016)
against C. eragrostidis. In Colima, Mexico some
BCA and PE bio fungicides are available but have
not been locally and properly tested; the main goal
of this research were to identify the causal agent of
the leaf-spot disease in pineapple and to evaluate
the in vitro effectiveness of five commercial
biological products against C. eragrostidis.

Plants with leaf spot symptoms were sampled
randomly in a pineapple (cv. MD2) plantation
in Tecoman, Colima, Mexico (18°47°41.3” N;
103°51°26.9” W). Ten samples were collected in 2
ha. Fungal isolation was carried out according to
Orozco-Santos et al. (2004); infected leaves were
cut, washed with 1% NaClO for 3 min, rinsed with
autoclaved distilled water, and dried on sterile filter
paper. Disinfected plant tissue was ground in liquid
nitrogen and then lyophilized. This served as an
inoculum in 400 mL of Czapek broth shaken at
2 Hz at room temperature for 3 d. After that, 50,
100, and 150 pL of culture were inoculated in Petri
dishes with PDA and incubated at 31 °C for 3 d.
Individual colonies were transferred and incubated
for 5 d and used as inoculum for microcultures in
slides with PDA (Zhong et al., 2016).
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y Pessarakli, 2010). Por lo tanto, existe la necesi-
dad de evaluar métodos alternativos como el uso de
agentes de control biologico (ACB) y extractos de
plantas (EP), que han demostrado ser mas seguros
y eficientes (Cerqueira-Sales et al., 2016) contra C.
eragrostidis. En Colima, México, estan disponibles
algunos biofungicidas ACB y EP, pero no se han
probado localmente y de manera adecuada. EI ob-
jetivo principal de esta investigacion fue identifi-
car el agente causal de la enfermedad de la mancha
foliar en pina y evaluar la efectividad in vitro de
cinco productos bioldgicos comerciales contra C.
eragrostidis.

Se tomaron muestras al azar de plantas con sin-
tomas de mancha foliar en una plantacion de pina
(cv. MD2) en Tecoman, Colima, México (18° 47°
41.3” N; 103° 51° 26.9” O). Se recolectaron diez
muestras en 2 hectareas. El aislamiento fingico se
realiz6 de acuerdo con Orozco-Santos et al. (2004).
Las hojas infectadas se cortaron, se lavaron con
NaClO al 1% durante 3 min, se enjuagaron con
agua destilada en autoclave y se secaron en papel
de filtro estéril. El tejido vegetal desinfectado se
molio en nitrogeno liquido y luego se liofilizo. Esto
sirvio como indculo en 400 mL de caldo Czapek
agitado a 2 Hz a temperatura ambiente por 3 dias.
Posteriormente, se inocularon 50, 100 y 150 pL de
cultivo en cajas de Petri con PDA y se incubaron a
31 °C durante 3 dias. Las colonias individuales se
transfirieron e incubaron durante 5 dias y se usaron
como inoculo para microcultivos en portaobjetos
con PDA (Zhong et al., 2016).

La identificacion morfoldgica se realizd si-
guiendo a Ferreira ef al. (2014), Manamgoda et al.
(2012) y Rocha-Santos et al. (2018). Se utilizaron
muestras de cultivos monoconidiales para la iden-
tificacion molecular mediante la secuenciacion de
la region parcial ITS utilizando los cebadores ITS1
e ITS4 (White et al., 1990). Las secuencias se ins-
peccionaron mediante cromatogramas utilizando
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Morphological identification was carried out
following Ferreira et al. (2014), Manamgoda et al.
(2012) and Rocha-Santos et al. (2018). Samples
of monoconidial cultures were used for molecular
identification though sequencing of the ITS partial
region with the ITS1 and ITS4 primers (White
et al., 1990). The sequences were inspected by
chromatograms on the SequencherSoftware™ v.
5.2.3 and curated sequence was used for BLASTN
query at NCBI’s GenBank. Then, a MegaBlast
was performed, and 48 highly similar Curvularia
sequences (ex-types, Figure 1) and two outgroup
sequences were downloaded from GenBank,
aligned using the CLUSTALW algorithm with
default parameters (Thompson et al., 2003), and
manually edited using MEGA X software suite
(Tamura et al., 2013). The molecular phylogenetic
analysis consisted of a Maximum likelihood
(ML) phylogenetic analysis, with the Kimura-2-
parameter+G+I model (Kimura, 1980) with gaps
treated as partial deletions with a 95% of coverage,
using an NNI heuristic method for topology
improvement with 1000 bootstrap replicates.
The trees were rooted using Bipolaris maydis
(=Cochliobolus heterostrophus) as sister clade and
Alternaria alternata as outgroup (Manamgoda et
al.,2012; Tan et al., 2018).

Commercial biofungicides are detailed in Table
1. Based on their concentrations, four doses were
evaluated: 1.0, 0.5, 0.25 and 0.125% (v/v or w/v)
in 20 mL of PDA + biofungicide. Solid products
were expressed in mg L and liquid products were
expressed in mL L. Amended PDA Petri dishes
were obtained in two ways: 1) PE-based, and 2)
BCA-based. PE products (System Max® / Sedric
4X®) were added to PDA before solidification
and then served in Petri dishes. BCA products
were mixed in the PDA and 20 mL were verted in
Petri dishes. In each Petri dish, a disk of 9 mm in
diameter of fungal pathogen that was 7 d old was
inoculated and incubated at 29 °C for 10 d.
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el programa Sequencher™ v. 5.2.3. La secuencia
curada se uso para consulta BLASTN en el Gen-
Bank de NCBI. Después se realizé un MegaBlast y
se descargaron de GenBank 48 secuencias de Cur-
vularia muy similares (Figura 1) y dos secuencias
de grupos externos. Estas secuencias se alinearon
usando el algoritmo CLUSTALW con parame-
tros predeterminados (Thompson et al., 2003) y
se editaron manualmente utilizando el paquete de
software MEGA X (Tamura ef al., 2013). El anali-
sis filogenético molecular consistidé en un analisis
filogenético de Maxima Verosimilitud (ML) con
el modelo Kimura de 2 parametros G+I (Kimura,
1980). Los huecos fueron tratados como delecio-
nes parciales con un 95% de cobertura, utilizando
un método heuristico NNI (intercambio del vecino
mas cercano, por sus siglas en inglés) para refinar
la topologia del arbol con 1000 réplicas de arran-
que. Los arboles se enraizaron utilizando Bipola-
ris maydis (=Cochliobolus heterostrophus) como
clado hermano y Alternaria alternata como grupo
externo (Manamgoda et al., 2012; Tan et al., 2018).

El Cuadro 1 muestra los detalles de los biofun-
gicidas comerciales. Se evaluaron cuatro dosis con
distintas concentraciones: 1.0, 0.5, 0.25 y 0.125%
(v/v o p/v) en 20 mL de PDA + biofungicida. Los
productos solidos se expresaron en mg L' y los li-
quidos en mL L. Las cajas de Petri con PDA su-
plementadas se prepararon de dos formas: 1) a base
de EP y 2) a base de ACB. Los productos de EP
(System Max®/Sedric 4X®) se agregaron al PDA
antes de la solidificacion y después se sembraron
en cajas de Petri. Los productos ACB se mezclaron
en el PDA y se vertieron 20 mL en cajas de Petri.
En cada placa de Petri se inocul6 un disco de 9 mm
de diametro del hongo patogeno de 7 dias de edad
y se incub6 a 29 °C durante 10 dias.

La tasa de crecimiento diario (TCD) se calculo
midiendo el diametro de la colonia del patéogeno
cada 24 horas durante 5 dias usando la férmula
TCD = [(R1-R0)/(T1-T0)], donde R1 y RO es el
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NR 154865.1 Curvularia nodosa® (Thailand)
NR 1584421 Curvularia beasiey™ (Ausiralia)
NR 172405.1 Curvularia mebaldsii* (Australia)
NR 1474641 Curvularia tsudae* (Japan)
NR 137071.1 Curvularia heteropogonis® (China)
NR 154866.1 Curvularia variabilis* (Thailand)
NR 169942.1 Curvularia patereae* (Argentina)
NR 147488.1 Curvularia subpapendorfi* (Egypt)
38y NR 169893.1 Curvularia ellisi* (Pakistan)
NR 170006.1 Curvularia pseudoellisi* (Sudan)
l HG779002.1 Curvularia muehlenbeckiae (India)
HGTT2011.1 Curvuwlaria hominis (USA)

MH414906.1 Curvularia platzii (Australia)
o7 NR 1584431 Curvularia beerburrumensis® (Australia)
NR 1598561 Curvularia ovariicola® (Australia)
NR 147463.1 Curvularia miyake* (Japan)
NR 147459.1 Curvularia ischaemi* {Solomon Islands)
NR 158444 1 Curvularia coatesiae® (Australia)
NR 130653.1 Curvularia pseudorobusia® (China)
NR 158447 .1 Curvularia kenpeggii* (Australia)

NR 170004.1 Curvularia canadiensis® (Canada)
NR 170008.1 Curvuiaria pseudoprotuberata* (Canada)

NR 147458.1 Curvularia caricae-papayae* (India)
% NR 130689.1 Curvularia aeria* (Brazil)
MMNEBB816.1 Cunvularia pseudobrachyspora (USA)
MNBB8813.1 Cunvulania pseutobrachyspora (Denmark)

7 NR 146239.1 Curvularia americana® (USA)
_:NR 158448.1 Curvuiaria petersoni® (Australia)
p—— R 138222.1 Curvulgria tuberculata* (India)
—— NR 157424 1 Curvularia micropus* (USA)

n 8 MNBBEE01.2 Gurvularia arcana (Unknown)
_“FL NR 165187.1 Curvularia kusanoi* (Japan)
31 KJ909772.1 Curvularia nicotiae (Algeria)
n NR 158445.1 Gurvularia colbranir (Australia)
_:NR 158451.1 Curvularia boeremae* (India)
NR 171998.1 Gurvularia moringae* (Namibia)
NR 158446.1 Curvularia eragrosticola* (Australia)
NR 170009.1 Curvularia siddiquir (Pakistan)
NR 147455.1 Curvularia papendorfii* (USA)
NR 158449.1 Curvularia sporobolicola® (Australia)
MT505679.1 Curvularia infermedia (South Africa)
NR 170007.1 Curvularia pseudointermedia* (Brazil)
AF212308.1 Curvularia brachyspora (Australia)
MT079201.1 Curvularia eragrostidis (China)
KP340045.1 Curvilaria eragrostidis (Malaysia)
HGT78986.1 C ia eragrostidi ia) L
KP340049 1 Curvularia eragrosticis (Malaysia) C. eragrostidis
KT933660.1 Curvularia eragrostidis (Malaysia)
MKBE86805.1 Curvularia eragrosticii ia)
MZ510930 Curvularia eragrostidis (México) UCOL -
AFO71325.1 Bipolaris maydis (Canada)

g

80

INAIND

erLe

KP131535.1 Alfernaria aiternafa (Canada)

e
0.020

Figure 1. Molecular phylogenetic analysis of Curvularia species based on the Maximum likelihood method using the
Kimura 2-parameter (G+I) model. The tree with the highest log likelihood (-1962.89) is shown. The percentage
of trees in which the associated taxa clustered together is shown next to the branches, based on 1000 bootstrap
replicates. Accession number is indicated in each taxon. Taxa names marked with * are ex-type material. Country
of origin of isolates are in parenthesis.

Figura 1. Analisis filogenético molecular de especies de Curvularia basado en el método de Maxima verosimilitud y
utilizando el modelo Kimura de 2 parametros (G+I). Se muestra el arbol con el logaritmo de probabilidad mas
alto (-1962.89). El porcentaje de arboles en los que los taxones asociados se agruparon se muestra junto a las
ramas, segiun 1000 réplicas de arranque. El nimero de accesion se indica en cada taxén. Los nombres de taxones
marcados con * son material ex-tipo. El pais de origen de los aislamientos esta entre paréntesis.

Daily growth rate (DGR) was calculated by crecimiento del diametro de la colonia (mm) y T1
measuring pathogen colony diameter each 24 h for 5 y TO es el tiempo (dias) (Bahekar et al., 2017). La
d using the formula DGR = [(R1 —R0)/(T1 - TO0)], inhibicién del crecimiento micelial del patégeno
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Table 1. Characteristics of the biological products evaluated in the doses response bioassay.
Cuadro 1. Caracteristicas de los productos biologicos evaluados en el bioensayo dosis respuesta.
Commercial name Active ingredient Recog)l;znded Concentration
. . .
System Max® Mimosa tenuiflora extract 45mL L 60 and 30 %
(Plantoria) Quercus robur extract
Sedric 4X® . 7. -1 0
(BioCampo) Yucca schidigera extract 3 Lha 2.16 %
BliteFree® q 0
(Altus Biopharm) Streptomyces spp. 1.5L ha 60 %
BioFungus Clean® Bacillus subtilis + B. thuringiensis + 0 o
(Syme Agroinsumo) Trichoderma harzianum + T. viride 2 Lha 1.0,1.0, 1.0 and 1.0 %
Tonka® B. subtilis + T. harzianum + 15 ke ha 1x108UFC g'1x107 UFC g
(Novigo Natura) Streptomyces lydicus K and 1x10° UFC g'!

where R1 and RO is the colony diameter growth
(mm) and T1 and TO is the time (days) (Bahekar
et al., 2017). Mycelial Growth Inhibition of the
pathogen (% MGI) was calculated % MGI = [(C —
T)/C] x 100% where C = Control growth diameter
(mm) and T = Treatment growth diameter (mm)
(Bahekar et al., 2017). Fifty and ninety effective
concentrations (EC, and EC,) were calculated
using a Probit analysis in SAS 9.0 (Manzo-
Sanchez et al., 2018). The experimental design
consisted of a completely randomized design with
the combinatorial factorial arrangement, being A
the biological products brand and B the different
doses of each product. Five biological products,
four doses each, and a control (no product); each
treatment had six repetitions, with a total of 126
experimental units. Data analysis of DGR was
carried out with an ANOVA and mean comparison
using the minimum significant difference (MSD)
with p=0.05. Percentage of MGI data were
transformed using the arcsen equation (% MGI)”
to obtain an approximately normal distribution
and posterior analysis. The CL,, was calculated
with a Probit analysis. Finally, a linear regression
analysis (Y=mX+b) between the concentration of
the product (X) and percentage of MGI (Y) were
performed.
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(% ICM) se calculé como % ICM = [(C — T)/C]
x 100%, donde C = diametro de crecimiento del
control (mm) y T = diametro de crecimiento del tra-
tamiento (mm) (Bahekar et al., 2017). Se calcula-
ron las concentraciones efectivas media y noventa
(CE,, y CE,)) mediante un analisis Probit en SAS
9.0 (Manzo-Sanchez et al., 2018). El disefio expe-
rimental consistié en un disefio completamente al
azar con arreglo factorial combinatorio, siendo A la
marca del producto biolégico y B las diferentes do-
sis de cada producto. Cinco productos biologicos,
cuatro dosis cada uno, y un control (sin producto).
Cada tratamiento tuvo seis repeticiones, con un to-
tal de 126 unidades experimentales. El analisis de
datos de TCD se llevo a cabo con ANOVA y com-
paracion de medias utilizando la diferencia minima
significativa (DMS), con P=0.05. El porcentaje de
datos de ICM se transformo utilizando la ecuacion
de arcsen (% ICM)” para obtener una distribucion
aproximadamente normal y someter a analisis mas
tarde. La CE, se calculd con un anlisis Probit. Fi-
nalmente, se realiz6é un analisis de regresion lineal
(Y=mX+b) entre la concentracion del producto (X)
y el porcentaje de ICM (Y).

El aislado mostro caracteristicas morfologicas
macro y microscopicas coincidentes con Curvula-
ria eragrostidis, como una colonia gris algodonosa
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The isolate showed macro and microscopic
morphological characteristics matching with
Curvularia eragrostidis, such as a cottony grayish
colony (7.7 em, 5 d of incubation) turning into
velvety-black with regular edges. Ellipsoidal
distoseptate conidia, 21.6-24.9 x 11.6-13.3
um. Grouped and septate brown conidiophores.
Mycelium is composed of dark septate hyphae.
Molecular phylogenetic analysis of Curvularia
species based on the maximum likelihood method,
grouped the sequence with the aforementioned with
high support, confirming the identity of the studied
isolate as C. eragrostidis. As expected, Chinese
material is slightly different from the isolates from
Malaysia, Indonesia and Mexico. C. eragrostidis
closest subclade, includes C. intermedia, C.
pseudointermedia and C. brachyspora (Figure 1).
Allsequences were grouped withinthemonophyletic
genus Curvularia with high support, separated
from Bipolaris maydis, a sister anamorphic clade,
which matches with Manamgoda et al. (2012) and
Tan et al. (2018).

C. eragrostidis daily growth was affected
by biological products with highly significant
differences (P<0.0001, Table 2). The DGR of the

(7.7 cm, 5 dias de incubacion) que se torn6 negra
aterciopelada con bordes regulares. Conidios elip-
soidales, distoseptados, de 21.6-24.9 x 11.6-13.3
um. Conidi6foros marrones, agrupados y septados.
El micelio se compone de hifas septadas oscuras.
El analisis filogenético molecular de especies de
Curvularia, basado en el método de maxima vero-
similitud, agrupé la secuencia con la anterior con
alto apoyo estadistico, confirmando la identidad del
aislado estudiado como C. eragrostidis. Como era
de esperar, el material chino es ligeramente dife-
rente de los aislamientos de Malasia, Indonesia y
Meéxico. El subclado mas cercano de C. eragros-
tidis incluye C. intermedia, C. pseudointermedia
y C. brachyspora (Figura 1). Todas las secuencias
fueron agrupadas dentro del género monofilético
Curvularia con alto apoyo estadistico, separadas
de Bipolaris maydis, un clado anamorfico herma-
no, un resultado que coincide con Manamgoda et
al. (2012) y Tan et al. (2018).

El crecimiento diario de C. eragrostidis fue afec-
tado por los productos biologicos, con diferencias
altamente significativas (P<0.0001, Cuadro 2). La
TCD del grupo control fue de 1.6 cm dia!, mien-
tras que Tonka® mostro la tasa de crecimiento mas

Table 2. In vitro daily growth rate (cm day™) of Curvularia eragrostidis under different doses of

biological products.

Cuadro 2. Tasa de crecimiento diario in vitro (cm dia™) de Curvularia eragrostidis bajo diferentes

dosis de productos biolégicos.

Commercial Doses (%)

products 0.125 0.25 0.5 1.0
Control 1.635+0.018 b 1.635+0.018 ¢ 1.635+0.018 ¢ 1.635+0.018 ¢
System Max® 1.698+0.007 b 1.476+0.015 d 1.298+0.031 b 1.186+0.057 b
Sedric 4X® 1.571+0.056 b 0.27+0.016 ¢ 0.17340.008 a 0.048+0.007 a
Tonka® 0.01£0.006 a 0.028+0.006 a 0.013£0.008 a 0.018+0.013 a
BioFungus Clean® 0.026+0.009 a 0.12+0.054 b 0.086+0.030 a 0.04+0.010 a
Blite Free® 0.036+0.004 a 0.026+0.009 a 0.181+0.169 a 0.021+0.010 a
P-value 0.00001 0.00001 0.00001 0.00001
F= 1135.94 523.85 46.12 353.54

Means (+ SE) with different letters in the same column indicates significant differences (LSD, P<0.05). /
Medias (+ ES) con diferente literal en la misma columna indica diferencias significativas (DMS, P<0.05).
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control group was 1.6 cm day’!, while Tonka®
showed the lowest growth rate in all four evaluated
concentrations with a DGR mean of 0.015 cm
day!, which is 106.6 times lower than the control
group. The BioFungus Clean® activity had a
similar effect in the first three concentrations (1.0,
0.5, and 0.25%) with a mean of 0.082 cm day'.
SystemMax® and Sedric 4X®, only reduced the
DGR of C. eragrostidis from 0.25% and beyond
with 1.47 and 0.27 cm day-1; however, at 1.0%
(0.048 cm day-1) was statistically equal between
Tonka®, Biofungus Clean® and BliteFree® with
0.02, 0.04 and 0.021 cm day’', respectively. The%
MGI achieved significant differences (P<0.0001)
at 5 d after inoculation. Sedric 4X® showed the
highest inhibition percentage at 1% concentration
(86.8%), 2.5 times higher than System Max® and
1.3 times higher than BliteFree® (63.7%) at the
same concentration. This value was significantly
higher (P<0.0001) than the other concentrations
of the same product (Table 3). On the other hand,
Tonka® was effective in every concentration with
no statistical differences (P<0.2657) between all
four doses, with a mean of 68.97% of inhibition.
Similarly, Biofungus Clean® had the same

baja con las cuatro concentraciones evaluadas, con
una TCD media de 0.015 cm dia™!, que es 106.6
veces menor que la del grupo control. La actividad
de BioFungus Clean® tuvo un efecto similar en las
tres primeras concentraciones (1.0, 0.5 y 0.25%)
con una media de 0.082 cm dia’'. SystemMax® y
Sedric 4X® solo redujeron la TCD de C. eragrosti-
dis a partir de una concentracion de 0.25% con 1.47
y 0.27 cm dia'; sin embargo, al 1.0% (0.048 cm
dia), la reduccion fue estadisticamente igual entre
Tonka®, Biofungus Clean® y BliteFree®, con 0.02,
0.04 y 0.021 cm dia’!, respectivamente. E1%ICM
logroé diferencias significativas (£<0.0001) a los 5
dias después de la inoculacion. Sedric 4X® mostro
el mayor porcentaje de inhibicion al 1% de con-
centracion (86.8%), 2.5 veces mayor que System
Max® y 1.3 veces mayor que BliteFree® (63.7%) a
la misma concentracion. Este valor fue significati-
vamente mayor (P<0.0001) que las demds concen-
traciones del mismo producto (Cuadro 3). Por otro
lado, Tonka® fue efectivo en todas las concentra-
ciones, sin diferencias estadisticas (P<0.2657) en-
tre las cuatro dosis, con un promedio de 68.97% de
inhibicion. De manera similar, Biofungus Clean®
tuvo el mismo efecto de inhibicidon (P<0.0871) en

Table 3. Mycelial growth inhibition (%) of Curvularia eragrostidis under different doses of biological

products.

Cuadro 3. Inhibicién del crecimiento micelial (%) de Curvularia eragrostidis bajo diferentes dosis

de productos bioldgicos.

Commercial Doses (%)

products 0.125 0.25 0.5 1.0
System Max® 4.51+£0.77d 577+0.75d 13.16 £1.78 ¢ 2416+1.29¢
Sedric 4X® 7.13+£122¢ 57.48+0.55b 68.87+0.39 a 74.96 £0.14 a
Tonka® 65.31+0.25a 65.77+0.62 a 66.91 +£0.96 a 66.72+0.61b
BioFungus Clean® 5347+£1.15b 47.64+3.62¢ 51.57+£2.08b 56.22 +£1.27d
Blite Free® 53.90+0.93 b 56.30+0.64 b 5295+2.13b 61.45+1.02¢
P-value 0.00001 0.00001 0.00001 0.00001
F= 677.44 178.68 137.32 353.54

Means (+ SE) with different letters in the same column indicates significant differences (LSD, P<0.05). /
Medias (+ ES) con diferente literal en la misma columna indica diferencias significativas (DMS, P<0.05).
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inhibition effect (P<0.0871) in all concentrations
with 1.2 times lower inhibition than Tonka®.
BliteFree® registered the highest inhibition rate
(P<0.0002) with 63.7% at the highest concentration,
while lower ones between 55.8 and 58.6%. On the
contrary, System Max® had a poor effect against
C. eragrostidis, 5.1 times lower than Tonka®
(0.125%). Control group had a radial mycelial
growth of 7.7 cm. The results of the inhibition
assays with the five products at four doses in 5 d
are showed in Figure 2.

Tonka® achieves a CL50 of 0.008%, which
was the lowest value in comparison with the rest
of the treatments, 32.2 times lower than Sedric
4X® (0.260%) and 449.8 times lower than System
Max® (3.59%) (Table 4). However, BliteFree®,
BioFungus Clean® also showed good values with
0.015% and 0.017%, respectively. In EC90, the
best result was again for Tonka® with 0.040%,
which was 9.7 times lower than BioFungus Clean®
and 4.9 times lower than BliteFree®. The linear
regression analysis between inhibition percentages
and product doses (Figure 3) indicated a high
correlation between System Max® concentrations
(r=0.86, P<0.0001) and Sedric 4X®, (1=0.69,
P<0.0001) and their inhibition percentages with
highly significant differences. On the contrary,
BliteFree® showed a low correlation between
concentration and inhibition (r=0.40, P<0.0008).
On the other hand, Tonka® and BioFungus Clean®
did not indicate a statistical difference (P<0.1191
and P<0.0939, Table 4).

Leaf spot disease caused by C. eragrostidis is
an emerging disease of pineapple production in
Colima, Mexico (Maldonado-Michel et al., 2021),
the present study corroborates the identity of the
causative agent morphologically and molecularly.
In South America, it has been reported at C.
eragrostidis as a plant pathogen in pineapple plants
in similar features by Ferreira et al. (2014). In other
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todas las concentraciones, con una inhibicion 1.2
veces menor que Tonka®. BliteFree® registro la
tasa de inhibicion mas alta (£<0.0002), con 63.7%
a la concentracion mas alta, mientras que las con-
centraciones mas bajas produjeron reducciones de
55.8 y 58.6%. En contraste, System Max® tuvo un
pobre efecto contra C. eragrostidis, 5.1 veces me-
nor que Tonka® (0.125%). El grupo control tuvo
un crecimiento micelial radial de 7.7 cm. La Figura
2 muestra los resultados de los ensayos de inhibi-
cion con cuatro dosis de los cinco productos des-
pués de 5 dias.

Tonka® logra un CL,, de 0.008%, que fue el
valor mas bajo en comparacion con el resto de los
tratamientos, 32.2 veces menor que Sedric 4X®
(0.260%) y 449.8 veces menor que System Max®
(3.59%) (Cuadro 4). Sin embargo, BliteFree® y
BioFungus Clean® también mostraron buenos
valores con 0.015 y 0.017%, respectivamente. En
la CE,,
Tonka® con 0.040%, 9.7 veces menor que Bio-
Fungus Clean® y 4.9 veces menor que BliteFree®.
El analisis de regresion lineal entre los porcentajes
de inhibicion y las dosis del producto (Figura 3)

el mejor resultado fue nuevamente para

indico una alta correlacion entre las concentracio-
nes de System Max® (r=0.86, P<0.0001) y Sedric
4X®, (r=0.69, P<0.0001), y sus porcentajes de in-
hibicion, con diferencias muy significativas. Por
el contrario, BliteFree® mostré una baja correla-
cion entre la concentracion y la inhibicion (1=0.40,
P<0.0008). Por otro lado, Tonka® y BioFungus
Clean® no mostraron diferencias estadisticamente
significativas (P<0.1191 y P<0.0939, Cuadro 4).
La enfermedad de la mancha foliar causada por
C. eragrostidis es una enfermedad emergente de la
produccion de pifia en Colima, México (Maldonado-
Michel et al., 2021). El presente estudio corrobora
morfologica y molecularmente la identidad del
agente causal. En América del Sur, C. eragrostidis
ha sido reportado como patdogeno vegetal en plantas
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Figure 2. Mycelial growth of Curvularia eragrostidis in PDA amended with five doses of biological products.
Figura 2. Crecimiento micelial de Curvularia eragrostidis en PDA suplementado con cinco dosis de productos bioldgicos.

hand, plant extracts have been used to control plant
pathogens in biological and organic agriculture. La-
Torre et al. (2014) evaluated the in vitro efficiency
of a Mimoten®, a PB extract of Mimosa tenuiflora
(80.0%) against Alternaria alternata and Botrytis
cinerea with a maximum inhibition of 19.2% and
14.1%, respectively, at maximum doses (1.0%).
There are no reports of the use of M. tenuiflora
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de pifia por Ferreira et al. (2014), con caracteris-
ticas similares a las identificadas en el presente
estudio. Se han utilizado extractos de plantas para
controlar patogenos vegetales en agricultura biolo-
gica y organica. La-Torre et al. (2014) evaluaron
la eficiencia in vitro de Mimoten®, un extracto de
Mimosa tenuiflora (80.0%), contra Alternaria al-
ternata 'y Botrytis cinerea. La inhibicidon maxima
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Table 4. Mean effective concentration (EC, ) and ninety (EC,) of biological products on Curvularia eragrostidis.
Cuadro 4. Concentracion efectiva media (CE_) y noventa (CE,) de productos biologicos sobre Curvularia

eragrostidis.
Commercial products  EC_, (%) FL (%) Slope Probit equation Chi-X?  P>Chi-X?
System Max® 3.599 2.32-7.01 0.8070 y=0.8070(x)-0.4485 85.51 <0.0001
Sedric 4X® 0.260 0.24-0.27 2.2153 y=2.2153(x)+1.2974 536.62 <0.0001
Tonka® 0.008 NC 0.0650 y=0.0650(x)+0.5264 121.15 <0.0001
BioFungus Clean® 0.017 NC 0.0921 y=0.0921 (x)+0.1631 12.70 <0.0004
BliteFree® 0.015 NC 0.1579 y=0.1579 (x)+0.2876 38.79 <0.0001
Commercial products  EC, (%) FL (%) Slope Probit equation Chi-X?  P>Chi-X?
System Max® 139.405 47.22-758.51 0.8070  y=0.8070(x)+(-0.4485)  85.51 <0.0001
Sedric 4X® 0.984 0.885-1.110  2.2153 y=2.2153(x)+1.2974 536.62 <0.0001
Tonka® 0.040 NC 0.0650 y=0.0650(x)+0.5264 121.15 <0.0001
BioFungus Clean® 0.388 NC 0.0921 y=0.0921 (x)+0.1631 12.70 <0.0004
BliteFree® 0.197 NC 0.1579 y=0.1579 (x)+0.2876 38.79 <0.0001

FL=fiducial limits, NC=no estimated by the model, X=biological product concentration, Y=inhibition percentage.
/- LF=limites fiduciales, NC=no estimado por el modelo, X=concentracion del producto biologico, Y=porcentaje de

inhibicion. .

against C. eragrostidis; in this case, System Max®
contains M. tenuiflora, but it is supplemented with
Quercus sp. extract and gallic acid, which increased
the inhibition up to 34.6%. Quercus extracts have
been tested as antibacterial and antifungal activity,
in this sense, Sohretoglu et al. (2007) tested
methanolic extracts from four Quercus species,
against gram (+) and (-) bacteria and three Candida
spp. Extracts were more effective against fungi
than bacteria. In filamentous fungi, Yeo et al. 2008
tested 0. mongolica in aqueous, methanolic and
ethanolic extracts against Botrytis cinerea, being
the aqueous extract more effective. Gallic acid and
other phenolic compounds have been tested as an
antifungal for human and plant pathogens.

In  Trichophyton  rubrum, gallic acid
(50.0 pg mL") reduced the activity of sterol
14a-demethylase P450 (CYP51) and squalene
epoxidase altering the fungal membrane (Li et al.,
2017). In the present study, Sedric 4X®, PB extract
of Y. schidigera showed 86% of inhibition at the

highest concentration. Wulff ef al. (2012) evaluated
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obtenida fue de 19.2% y 14.1%, respectivamente,
a dosis maximas (1.0%). No hay reportes del uso
de M. tenuiflora contra C. eragrostidis. System
Max®, usado en el presente estudio, contiene M.
tenuiflora, pero complementado con extracto de
Quercus sp. y acido galico, lo que aumento la in-
hibicion hasta 34.6%. La actividad antibacteriana
y antifiingica de los extractos de Quercus han sido
probados antes. Sohretoglu et al. (2007) probaron
extractos metanolicos de cuatro especies de Quer-
cus contra bacterias gram (+) y (-) y tres bacterias
Candida spp. Los extractos fueron mas efectivos
contra los hongos que contra las bacterias. En hon-
gos filamentosos, Yeo et al. (2008) probaron Q.
mongolica en extractos acuosos, metanolicos y eta-
noélicos contra Botrytis cinerea, siendo el extracto
acuoso mas efectivo. El acido galico y otros com-
puestos fenolicos se han probado como antifingi-
cos contra patdgenos humanos y vegetales.

En Trichophyton rubrum, el acido galico (50.0
png mL') redujo la actividad de la enzima esterol
l4a-desmetilasa P450 (CYPS51) y de la enzima
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Figure 3.

Doses (%)

Linear regression between the mycelial growth inhibition (%) of Curvularia eragrostidis and the doses of the

biological products. A) System Max®; B) Sedric 4X®; C) Tonka®; D) BioFungus Clean® and E) BliteFree®.

Figura 3.

Regresion lineal entre la inhibicion del crecimiento micelial (%) de Curvularia eragrostidis y las dosis de los

productos biolégicos. A) Sistema Max®; B) Sedric 4X®; C) Tonka®; D) BioFungus Clean® y E) BliteFree®.

the effect of Y. schidigera extract against C. lunata

from sorghum, no incidence (0%) was

when was used 10.0% (v/v) of Y. schidigera extract.

These plants are rich in saponins, which

the cell membranes having a toxic effect on fungi.

Maldonado-Michel et al. (2021) tested
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escualeno epoxidasa, alterando la membrana fun-
gica (Li et al., 2017). En el presente estudio, Se-
dric 4X®, extracto de Y. schidigera mostro 8§6%
de inhibicion en la concentracion mas alta. Wulff
et al. (2012) evaluaron el efecto del extracto de
Y. schidigera contra C. lunata de sorgo, no se

achieved

can alter

hexane,
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ethyl acetate dichloromethane and methanol PE
of Swietenia humilis against this isolate of C.
eragrostidis, being the etyl-acetate at 500 mg L
the most effective with 68.0% of MGI. The main
secondary metabolites of S. humilis are limonoids,
a kind of triterpenoids that are found in the seeds
(Ovalle-Magallanes et al., 2015).

A complete inhibition (100.0%) of spore
germination of C. [unata using Cinnamomum
zeylanicum organic extracts at lowest concentration
(50 pg mL") and a complete fungicidal activity at
highest concentration (500 pg mL'), but aqueous
extracts were not efficient (Mishra et al., 2009).
Otherwise, Akinbode (2010) evaluated in vitro
the efficacy of leaf aqueous extracts of Gliricidia
sepium, Tithonia diversifolia, Phyllanthus amarus
and Morinda lucida to control C. lunata. All the
extracts at 100% concentration, suppressed the
growth of the pathogen.

In the other hand, BliteFree® achieved 55.6-
67.7% inhibition against C. eragrostidis. These
results are similar to those reported by Evangelista-
Martinez (2014), who evaluated Streptomyces
spp. against Curvularia sp. with a 55.0% of plant-
pathogen growth inhibition. Wonglom et al. (2019)
confronted C. lunata isolated from Brassica rapa
with S. angustmyceticus (NR8-2) with inhibition
of 69.0%. Some of the antagonism mechanisms of
Trichoderma spp. against plant pathogens include
antibiosis, mycoparasitism, induced resistance
of the host cell, nutrient and niche competition
(Ghazanfar et al., 2018). Tekade et al. (2017)
evaluated 7. viride and T. harzianum against C.
lunata, presenting 60.8 and 50.7% of inhibition,
respectively, in 7 d at 27 °C. These results are
similar to BioFungus Clean® which caused 54.8%
inhibition in 5 d against C. eragrostidis. Bacillus
spp. is one of the most studied genera as BCA
since they present a diverse biochemical activity
against plant pathogens (Layton et al., 2011). It
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logré inhibicion (0%) cuando se utilizé una con-
centracion de 10.0% (v/v) del extracto de Y. schi-
digera. Estas plantas son ricas en saponinas, que
pueden alterar las membranas celulares y tienen un
efecto toxico sobre los hongos. Maldonado-Michel
et al. (2021) probaron hexano, acetato de etilo, di-
clorometano y metanol para extractos de Swietenia
humilis contra este aislado de C. eragrostidis, sien-
do el acetato de etilo, a 500 mg L', el mas efectivo
con 68.0% de ICM. Los principales metabolitos se-
cundarios de S. humilis son los limonoides, un tipo
de triterpenoides que se encuentran en las semillas
(Ovalle-Magallanes et al., 2015).

Se ha reportado la inhibicién completa (100.0%)
de la germinacidn de esporas de C. lunata usando
extractos organicos de Cinnamomum zeylanicum
a la concentracion mas baja (50 pg mL™") y acti-
vidad fungicida completa a la concentracion mas
alta (500 ug mL"), pero los extractos acuosos no
fueron eficientes (Mishra et al., 2009). Por otro
lado, Akinbode (2010) evalué in vitro la eficacia
de extractos acuosos de hojas de Gliricidia sepium,
Tithonia diversifolia, Phyllanthus amarus y Mo-
rinda lucida para controlar C. lunata. Al 100% de
concentracion, todos los extractos suprimieron el
crecimiento del patogeno.

Por otro lado, BliteFree® logrd una inhibicion
de 55.6-67.7% contra C. eragrostidis. Estos resul-
tados son similares a los reportados por Evange-
lista-Martinez (2014), quien evalud Streptomyces
spp. contra Curvularia sp., logrando un 55.0%
de inhibicion del crecimiento del patdogeno vege-
tal. Wonglom et al. (2019) confrontaron C. [unata
aislada de Brassica rapa con S. angustmyceticus
(NR8-2), logrando una inhibicion del 69.0%. Los
mecanismos de antagonismo de Trichoderma spp.
contra patdégenos vegetales incluyen antibiosis,
micoparasitismo, resistencia inducida de la célula
huésped, competencia por nutrientes y nicho (Gha-
zanfar et al., 2018). Tekade et al. (2017) evaluaron
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has been reported that Bacillus spp. induces cell
membrane defects and cell death in fungal hyphae,
when the cell membrane is destroyed the nucleus
and protoplast are exuded. Among the secondary
metabolites secreted by Bacillus spp. has been
reported
components such as paeonol, ethyl palmitate and
oxalic acid, which are able to inhibit the sporulation
and mycelial growth in fungal plant pathogens (Ku
etal., 2021).

Basha and Ulaganathan (2002) evaluated
BC121, a chitinase producer Bacillus strain against
C. lunata, with inhibition up to 60.0%. Scanning
electron microscope images showed a clear hyphae
lysis and degradation of fungal wall. Orbera-Ratén
et al. (2012) tested five rhizosphere isolates of
B. subtilis against C. lunata with inhibition up to
61.0% (SR/A-1) and Curvularia gudauskasii with
inhibition up to 71.0% (SR/B-16), and observed
vacuolization, bulb formation, hyphal swelling,
growing and conidia formation inhibition. However,
other strains show different results. For example,
Fleitas-Centurion and  Grabowsky-Ocampos
(2015) evaluated a Bacillus sp. (500 ul) against
Curvularia sp. with 31.0% of inhibition. These
previously reported values are heterogeneous, as
occurred with BioFungus Clean® and Tonka®.

Sunpapao et al. (2018) confronted C. oryzae

antimicrobial proteins with active

against S. hygroscopicus, T. harzianum and an
endophytic Trichoderma species (V76-12), the
latter was the most effective treatment tested in
reducing leaf spot disease of oil palm seedlings
with 85.71% of MGI. The formulation of Tonka®
consists of three species consortia: a fungus
(T harzianum), a Bacillus species (B. subtilis),
and an actinobacteria (S. /ydicus). These results
are interesting, because BioFungus Clean® has
four species, two bacteria (B. subtilis and B.
thuringiensis) and two fungi (T° harzianum and T.
viride), this situation suggest that is more efficient
a higher phylogenetic, biochemical and ecological
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T viride y T. harzianum contra C. lunata, logrando
60.8 y 50.7% de inhibicion, respectivamente, en 7
dias a 27 °C. Estos resultados son similares a los
obtenidos con BioFungus Clean®, que provoco una
inhibicion del 54.8% contra C. eragrostidis des-
pués de 5 dias. Bacillus spp. es uno de los géneros
mas estudiados como ACB ya que las presencias
que comprende presentan una actividad bioquimica
diversa contra patégenos de plantas (Layton et al.,
2011). Se ha informado que Bacillus spp. induce
defectos en la membrana celular y muerte celular
en las hifas fungicas, cuando la membrana celular
se destruye, el nucleo y el protoplasto se exudan.
Entre los metabolitos secundarios secretados por
Bacillus spp., se han reportado proteinas antimi-
crobianas con componentes activos como paeonol,
palmitato de etilo y acido oxalico, que son capaces
de inhibir la esporulacion y el crecimiento micelial
en hongos patogenos de plantas (Ku ef al., 2021).

Basha y Ulaganathan (2002) evaluaron la cepa
BC121 de Bacillus, productora de quitinasa, con-
tra C. [lunata, registrando una inhibicion de hasta
60.0%. Las imagenes del microscopio electronico
de barrido mostraron una clara lisis de hifas y de-
gradacion de la pared fungica. Orbera-Raton et al.
(2012) probaron cinco aislados de rizosfera de B.
subtilis contra C. lunata, registrando una inhibicion
de hasta 61.0% (SR/A-1), y contra Curvularia gu-
dauskasii, logrando una inhibicion de hasta 71.0%
(SR/B-16). Los autores observaron vacuolizacion,
formacion de bulbos, hinchazén de hifas, creci-
miento e inhibicion de la formacion de conidios.
Sin embargo, otras cepas han mostrado resultados
diferentes. Por ejemplo, Fleitas-Centurion y Gra-
bowsky-Ocampos (2015) evaluaron Bacillus sp.
(500 uL) contra Curvularia sp., registrando 31.0%
de inhibicion. Los valores reportados anteriormente
son heterogéneos, como ocurri6 en el presente es-
tudio con BioFungus Clean® y Tonka®.

Sunpapao et al. (2018) enfrentaron a C. oryzae
contra S. hygroscopicus, T. harzianum y una espe-
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diverse composition than a high number of close-
related microorganisms. This is coherent with
the concept of suppressive soils, on which plant
diseases do not develop even with the presence of a
plant pathogen in a susceptible host and favorable
conditions. Pathogens may or not establish, persist,
cause no or low harm, or the disease may manifest
butdisappear over time, which is widely attributed to
soil microbiomes. General suppression depends on
a high diversity and abundance of microorganisms,
competing for space and resources; while specific
suppression on the effect of individuals or groups
of microorganisms directly over the life cycle of a
pathogen (Raaijmakers and Mazola, 2016).
Research of microorganisms with BCA potential
is challenging because the in vitro behavior might be
promising, but the application in agricultural lands
results in fluctuations of effectiveness. Production
common phenomenon
relationships;

of metabolites is a
in antagonistic however, their
synthesis carries an energetic cost, which must
be compensated with the benefits and can be
influenced by toxic substances and the proportion
of strains. For example, bacterial antagonism rises
with carbon source metabolism similarities (Russel
et al., 2017). We can differentiate microorganisms
into productive and sensitive strains, which
interact according to microbial diversity and their
environment (Kelsic et al., 2015). Production of
metabolites and their related processes decreases
the growth rate. Despite this, productive strains rise
compared to sensitive ones, even with low growth
rates. The carbon source is not a problem when
strains are grown in vitro; however, in agricultural
lands, organic matter fluctuates according to soil
type and management. Also, the use of fungicides
and bactericides affected native microorganisms
and added BCA and their performance. In addition
to studying the diversity of soil microorganisms to
develop biological products; another alternative is
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cie endofitica de Trichoderma (V76-12). Este fue
el tratamiento mas efectivo para reducir la mancha
foliar de plantulas de palma aceitera, con 85.71%
de ICM. La formulacion de Tonka® consta de tres
consorcios de especies: un hongo (7. harzianum),
una especie de Bacillus (B. subtilis) y una actin-
obacteria (S. lydicus). Estos resultados son intere-
santes, ya que BioFungus Clean® tiene cuatro es-
pecies, dos bacterias (B. subtilis y B. thuringiensis)
y dos hongos (T. harzianum y T. viride). Esta situa-
cion sugiere que es mas eficiente una composicion
mas diversa en términos filogenéticos, bioquimicos
y ecologicos que un alto nimero de microorganis-
mos estrechamente relacionados. Esto es coherente
con el concepto de suelos supresores, en los que las
enfermedades de las plantas no se desarrollan in-
cluso con la presencia de un patégeno vegetal en un
huésped susceptible y en condiciones favorables.
Los patdgenos pueden o no establecerse, persistir,
causar poco o ningun dafio, o la enfermedad pue-
de manifestarse, pero desaparecer con el tiempo, lo
que se atribuye ampliamente a los microbiomas del
suelo. La supresion general depende de una gran
diversidad y abundancia de microorganismos com-
pitiendo por espacio y recursos, mientras que la
supresion especifica depende del efecto directo de
individuos o grupos de microorganismos sobre el
ciclo de vida de un patdégeno (Raaijmakers y Ma-
zola, 2016).

La investigacion de microorganismos con po-
tencial como ACB es un desafio porque el com-
portamiento in vitro puede ser prometedor, pero la
aplicacion en tierras agricolas da como resultado
fluctuaciones en la efectividad. La produccion de
metabolitos es un fendmeno comun en las relacio-
nes antagonicas. Sin embargo, su sintesis conlleva
un costo energético que debe ser compensado con
los beneficios y que puede ser influenciado por
sustancias toxicas y la proporcién de cepas. Por
ejemplo, el antagonismo bacteriano aumenta con
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the design of synthetic microorganism communities
or “syncoms”. This highly diverse consortium
results closer to a natural community, with higher
complexity and resilience (Rabago-Aguilar ef al.,
2020). By other hand, this study provides the LC,
values for five biofungicides against C. eragrostidis,
LC, indicates the amount of biofungicide required
to inhibit the 50% of fungal growth. There are
no abundant reports of biological or biorational
products with respect to the LC, against
Curvularia species. Therefore, the present study
provides these values, which are useful to define
doses to be evaluated under in situ conditions. In
a previous study, Kumar et al. (2020) evaluated
the antifungal activity of Cedrus deodara essential
oil against C. [unata, Alternaria alternata and
Bipolaris spicifera, reporting LC, values of 2.22,
3.71 and 4.8 pL/mL for each fungus, respectively.
By other hand, Garcia-Ordaz et al. (2021) reported
LC,, values of chemical fungicides against C.
eragrostidis, the lowest values were achieved by
System Cu®, Mancozeb® 80 WP and Tecto® 60
with 0.024, 0.066 and 0.076%, respectively. Future
studies should be carried out to test the LC, under
field conditions in pineapple production.

In conclusion, the associated fungus to the
leaf spot disease in pineapple plants corresponded
at Curvularia eragrostidis according to the
morphological and molecular analyses. Tonka®
was the better biofungicide against C. eragrostidis,
according to the EC, . While, Sedric 4X® achieved
the highest% of MGI at the highest studied doses
(1.0%).
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El presente estudio proporciona los valores de
CE,, de cinco biofungicidas contra C. eragrostidis.
Los valores de CE, indican la cantidad de biofun-
gicida requerida para inhibir el 50% del crecimien-
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porciona estos valores, que son utiles para definir
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estudio previo, Kumar et al. (2020) evaluaron la
actividad antifungica del aceite esencial de Cedrus
deodara contra C. lunata, Alternaria alternata y
Bipolaris spicifera, reportando valores de EC, de
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registraron con System Cu®, Mancozeb® 80 WPy
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Tecto® 60 con 0.024, 0.066 y 0.076%, respectiva-
mente. Se deben realizar mas estudios para probar
la CE, en condiciones de campo en la produccion
de pina.

En conclusion, el hongo asociado a la enferme-
dad de la mancha foliar en plantas de pifia corres-
pondio6 a Curvularia eragrostidis segin los analisis
morfologicos y moleculares. Tonka® fue el mejor
biofungicida contra C. eragrostidis, segin la CE,.
Mientras que Sedric 4X® logré el mayor% de ICM
en la dosis mas alta estudiada (1.0%).
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