Revista Mexicana de Ciencias Agricolas volume 10 number 3 April 01 - May 15, 2019

Article

Rhizobacteria promoting growth and resistance to pathogens in pepper
that favor their mycorrhization

Lucio Leos-Escobedo®®

Julian Delgadillo-Martinez?
Esteban Favela-Chavez*

Mario Garcia-Carrillo*
Alejandro Moreno-Reséndez*
Pablo Preciado-Rangel®

Luis Fernando Montano-Duran*

LAgraria Antonio Narro Autonomous University-Laguna Regional Unit. Peripheral and road to Santa Fe,
Torredén, Coahuila, Mexico. CP. 27000. (lleose@yahoo.com.mx; lucio.leos@colpos.mx). 2Postgraduate
College of Agricultural Sciences-IRENAT. Mexico-Texcoco Highway km 35.5, Montecillo, Texcoco, State
of Mexico. CP. 56230. (juliandm@colpos.mx). 3Soil Area-Technological Institute of Torreén. Road
Torredn-San Pedro km 7.5, Torreén, Coahuila. CP. 27170.

SCorresponding author: lleose@yahoo.com.mx.

Abstract

The success of agricultural production depends on the climate, soil, water and micro-organisms
arbuscular mycorrhizal fungi (AMF) and plant growth promoting rhizobacteria (Rpcv). This study
consisted in determining the germination of spores of AMF in vitro associated to Rpcv and in
greenhouse, evaluation of the growth and damages caused by Phytophthora capsici (P. capsici) in
pepper seedlings inoculated with AMF and Rpcv. At 32 days of in vitro germination, it was found
that Pseudomona tolasii P-61 and Bacillus pumilus R-44, promoted the germination of
Rhizophagus intraradices, Jalapa | and Cedro spores up to 60% while the spore germination
without Rpcv was of 11.66%. In the greenhouse phase, the percentage of mycorrhizal colonization
was greater in the treatment of AMF+Bpcv with respect to the treatment only with AMF. The
height, the thickening of the stem, the dry weight of the plant and the root volume, were greater
with the inoculation of AMF+Bpcv compared with the inoculation of AMF and the control without
inoculation. In the resistance of plants to the attack of P. capsici, it was found that at 84 ddt the
inoculation treatment AMF+Bpcv, presented 4.84% of dead plants, AMF 11.21% and the control
4.24%. (194 words)
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Introduction

The genus Capsicum sp. contains native plants of America, of great importance due to the diversity
of uses (Cardona et al., 2008). It comprises 25 species and five of them are the most cultivated
(Hunziker, 1979). China ranks first in global production of fresh peppers with 54%, followed by
Mexico with 6.5% and then Indonesia, Turkey, Spain and the United States of America
(FAOSTAT, 2014). In Mexico, the pepper is an important crop, the annual production is 2.3 million
tons, in an area of 136 thousand hectares, representing 2.78% of the national total cultivated area
(SIAP, 2015).

To increase yields in this crop, it is suggested to improve aspects such as its adaptation to various
climatic regions, development of genotypes with higher production, early and tolerant to root
diseases and better fruit quality (Ramirez, 1980). Recent technologies aimed at improving the
production of pepper in Mexico involve the microorganisms of the rhizosphere, since some
improve the growth of the plants. Such is the case of AMF that contribute to the adaptation of the
plant to environmental conditions (Dakessian et al., 1986; Franco et al., 2007). In Mexico, there
are about 44 species of AMF, equivalent to 22% of the world total. (Chamizo et al., 1998; Varela
and Trejo, 2001; Ferrera-Cerrato and Alarcén, 2004).

The AMF, associated with Rpcv, favor the development of horticultural crops such as pepper
(Borie et al., 2008; Castillo et al., 2008; Hallett et al., 2008). Among the benefits of AMF is the
aggregation of soil via glomalin through fungal mycelium (Castillo et al., 2008), reduction of water
stress in plants, control of root phytopathogens and participation in the ecological balance.
Biological controllers for some diseases of crop plants have been reported since 1927 (Desai et al.,
2002; Bautista-Calles et al., 2010).

There are no convincing results for the biological control of P. capsici, in field conditions (Garcia,
2010; Bautista-Calles et al., 2010). The use of AMF and Rpcv, can be viable alternatives to promote
the growth of pepper and control phytopathogens radicals. The objectives of the study were to
determine if Rpcv favor the germination of AMF spores in vitro and to verify if the percentage of
mycorrhizal colonization is increased by the inoculation effect of Rpcv, with effects on growth and
resistance to P. capsici the plants of 23 pepper genotypes.

Materials and methods
Phase I. In vitro germination of AMF spores
Obtaining inocula of AMF
Six inocula of the Soil Microbiology Area-Postgraduate College, identified as Rhizophagus
intrarradices, Tabasco-Naranja, Merida-Papaya, Jalapa I, Zac-19 and Cedro, the latter in
identification phase, obtained in several ecosystems in the country. As a trap plant, annual ryegrass

(Lolium multiflorum) cultivated in sterilized sand was used in an autoclave at 18 Ib pulg? for three
hours twice on a one-day interval.
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The propagation lasted for 16 months, performing weekly irrigations with running water and
nutrimental irrigation every four months with Long Ahston solution (Hewitt and Smith, 1974). The
spores of 100 g of sample were extracted from each of the inocula by the wet decantation method
(Gerdemann and Nicolson, 1963). The spores retained in the sieves of 43 and 73 pum of aperture
were collected. The spores were kept refrigerated until disinfestation. Then they were transferred
to a Petri dish (100 x 15 mm) of glass. They were observed on a stereoscope (Stereo Star AO), and
extracted with Pasteur pipette. They were placed on 0.07 mm thick circular filter paper inside a
Petri dish.

Disinfestation of AMF spores

The AMF spores were immersed in a 0.3% sodium hypochlorite solution for two min, then two
rinses with sterile distilled water. Then, in a 2% chloramine T solution (Loreli et al., 2002), for six
minutes and two rinses in sterile distilled water. Finally, they were immersed in a solution of
antibiotics (5 pL of penicillin and 5 pL of gentamicin mL?) for three min and three rinses in sterile
distilled water. The spores were refrigerated until they were sown in a Petri dish.

Sowing of AMF spores

It was performed in the laboratory under in vitro conditions, placing the disinfected spores in Petri
dishes with 33% agar-water, leaving one cm of separation, depositing 10 spores of each inoculum
of AMF per Petri dish.

Germination of AMF spores

Observations were made from day six after the spores were placed on 33% water-agar. Results of
the last observation made at 32 DDS are presented. The number of germinated spores was counted,
and the germination percentage was calculated for each treatment.

Obtaining strains of Rpcv

The pure strains of Rpcv used were obtained from the Soil Microbiology Area Collection,
Postgraduate School. The Pseudomonas tolasii strain (P-61), isolated from soil grown with potato
(Solanum tuberosum) cv Rosita, in the Toluca Valley, Mexico, promotes growth, solubilizes
phosphates, produces auxins and controls Rhizoctonia. The strain P. tolasii (A-46), isolated in the
same region in soil cultivated with potato (Solanum tuberosum) cv Alpha, same characteristics as
P-61, also promotes mycorrhization and increases germination. The Bacilus pumilus strain (R-44),
isolated from soil cultivated with potato (Solanum tuberosum) cv Rosita in the Toluca Valley,
Mexico, with the same characteristics as P-61 and the Paenibacillus sp. (BSP1.1), isolated from
agricultural land in the Villa de Allende region, State of Mexico, similar to P-61, A-46 and R-44,
in the solubilization of phosphates.

Strains were cultured in nutritious broth with incubation at 26 °C for 18 h under agitation, the
bacterial suspension was centrifuged for 0.25 h at 7000 rpm, the pellet of bacteria was resuspended
in 20 mL of sterile distilled water and decimal dilutions were made up to 107, then 3 pL of the 10"
% dilution was taken with a micropipette and deposited in each of the AMF spores. Petri dishes with
AMEF spores inoculated with Rpcv were incubated at 28 °C.
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Treatments

These were established under a completely random Factorial experimental design with two factors.
The factor ‘A’ corresponds to the inoculation in each of the four Rpcv, in addition to a treatment
with the mixture of the four Rpcv and another treatment without inoculation. Factor ‘B’
corresponds to each of the AMF inoculants. With five repetitions, generating 160 experimental
units.

Phase Il. Inoculation of AMF and Rpcv in pepper plants grown in greenhouse
Vegetal material

Twenty-three pepper genotypes were evaluated. Its description and origin: Pasilla type peppers: (1)
variety UAA/Ags, (2) variety Perales 1/Zac, (3) variety Perales 2/Zac; peppers type Ancho: (4)
variety UAA/Ags, (5) variety AP Neek/SLP, (6) variety Ancho 3 venas/Zac, (7) variety SR
2009/Dgo; Guajillo peppers: (8) Don Luis variety/SLP, (9) Perales/Zac variety, (10) Mirasol 3
venas variety/Zac, (11) Don Ramdn variety/SLP; Puya peppers: (12) variety 91/SLP, (13) variety
Saladillo 1/Zac, (14) variety Saladillo 2/Zac, (15) variety Caudillo/Dgo; Serrano peppers: (16)
Hybrid Colossus/Tamps, (17) Hybrid HS44/Tamps, (18) Hybrid Centaur/Tamps; jalapefio peppers:
(19) variety Don Benito 1/Tamps, (20) variety Don Benito 2/Tamps, (21) variety Don
Pancho/Tamps, (22) variety Apache/Chih, (23) variety Isabel/Chih, from agricultural regions in
Mexico.

Substrate preparation and sowing

In peat cellars with 200 cavities, peat and perlite (50:50, base V/V) were added. Two seeds per
cavity were deposited at 0.5 cm depth.

Inoculation with AMF and Rpcv

The inoculation with AMF was carried out at the time of planting. 10 g of a mixture of the AMFs
were mixed in each well. The AMF mixture contained 1024 spores and colonized root segments.
The inoculation was carried out with a mixture of the four Rpcv. One mL of bacterial inoculum
was placed in each cavity which contained 102 cells mL™.

Transplant and harvest of pepper plants

At 11 dds, the emergence of the seeds began. The transplant was performed with 57 dds. The
substrate was agricultural soil (sieved in mesh of 0.7 mm) and perlite (40:60, base V/V). Irrigation
was made every five days. At 84 ddt, the aerial part and the root were separated, evaluating
percentage of dry matter and root volume.

Inoculation with Phytophthora capsici

At 11 ddt, three grams of soil containing zoospores of P. capsici as a source of secondary inoculum

was inoculated. The infested soil was obtained from lots cultivated with pepper in the agricultural
region of Puebla, Mexico.
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Variables evaluated

Plant height (Ap), stem diameter (Dt), dry weight (Ps), root volume (Vr) and mycorrhization
percentage (Pm) were evaluated at 84 ddt. To determine the mycorrhizal colonization, the roots
were stained according to the methodology of Phillips and Hayman (1970), Hyphas (H), vesicles
(V), spores (E) and arbuscules (A) were counted.

Experimental design

The treatments in the greenhouse phase were established under a completely random Factorial
experimental design with two factors. The ‘A’ factor corresponds to the 23 pepper genotypes. The
factor ‘B’ corresponds to a witness, AMF and AMF+Rpcv. With six repetitions, obtaining 414
experimental units.

Statistical analysis

The data obtained were analyzed using the statistical package SAS 9.0 Spanish version (SAS,
2002), and Infostat-main components.

Results and discussion

Phase I. In vitro germination of AMF spores

The in vitro germination of the spores of the six inocula of AMF increased with the inoculation of
at least one of the four strains of Rpcv at 32 dds (Table 1).

Table 1. In vitro germination of AMF spores inoculated with Rpcv, expressed as a percentage at
32 days after sowing (dds).

Rhizophagus Tabasco- Meérida-

. i . Jalapal Zac-19 Cedro Mean
intraradices  naranja  papaya

Control 10 10 10 20 0 20 116 b
Bacterium P-61 60 10 30 60 40 60 43.3a
Bacterium A-46 10 20 30 50 10 30 23.3ab
Bacterium R-44 20 50 40 20 30 50 35ab
Bacterium BSP1.1 30 30 30 0 30 40 26.6 ab
All the Rpcv 20 40 20 30 20 30 26.6 ab
Mean 25 ab 26.6 ab 25 ab 30ab 216b 38.3a

Means in the same column and with the same letter are statistically equal (Tukey, a= 0.05).

A difference was found between the Rpcv strains to promote in vitro germination of the AMF
spores, with the Pseudomona tolasii strain P-61 (Table 1) standing out, which improved the
germination of the Rhizophagus intraradices spores, Merida-Papaya, Jalapa | and Cedar (600, 300,
300 and 300% respectively).
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In the germination of the Cedro spores, the effect of the Rpcv Bacillus pumilus R-44 with 250%
increase with respect to the control was also highlighted. Germination is considered one of the most
important processes in the life cycle of the AMF, depending on the success of the process of
symbiosis with the plant (Rai, 2001; Fernandez et al., 2005) almost all species are capable to
germinate in the absence of hosts (Giovannetti, 2000). The disinfestation of spores is a very
important requirement to achieve success in the formation of mycorrhiza under in vitro conditions
(Breuninger and Requena, 2004).

Phase Il. Inoculation of AMF and Rpcv in pepper plants grown in greenhouse
Plant height

In the evaluation at 84 ddt, considering the average of the 23 pepper genotypes, the AMF+Rpcv
treatment presented 7.19 cm, surpassing the AMF and control treatments (5.97 and 5.40 cm,
respectively). In reference to the means by type of pepper (Pasilla, Ancho, Guajillo, Puya, Serrano
and Jalapefio) it was observed that the AMF+Rpcv treatment exceeded the AMF and control
treatments in all cases. Only in the types of Puya, Serrano and Jalapefio peppers the AMF treatment
exceeded the control.

In 19 of the 23 pepper genotypes, the AMF+Rpcv treatment exceeded the AMF treatment. Only in
genotype 7 of the Ancho type, 12 of the Puya type, 17 of the Serrano types and 23 of the Jalapefio
type, was it found that the AMF treatment exceeded the AMF+Rpcv treatment (Table 2).

Table 2. Plant height and stem diameter (84 ddt) in 23 pepper genotypes inoculated with AMF
and Rpcv.

Plant height (cm) Mean Stem diameter (mm)
Control AMF AMF+Rpcv Control AMF AMF+Rpcv
Pasilla 1 6.2b 587b 9.05a 7.04b 13.65b 1297b 15.67a 14.1c
6.87b 52c 955a 7.2a 13.77c 14.65b 1592a 14.78a
6.2b 535c 7.17a 6.24c 147a 1485a 1422a 1459b
Mean 6.42b 547c 859a 14.04c 14.15b 15.27a
Ancho 6.45b 565c 74a 6.5a 12.72¢ 15.7a 139b 141c
527b 5.3b 6.5a 569c 13.02c 1445b 1455a l4c
5.2¢ 6.7b 6.97a 6.29b 1432b 15.2a 14.45b 1465D
6.15¢ 7.07a 6.72b 6.5a 13.25¢ 169a 1475b 1496a
Mean 5.76b 6.18b 6.89a 13.32¢c 1556a 14.41b
Guajillo 8 6.65c 7.77b 869a 7.68a 1455b 1355c¢c 15.77a 14.62a
9 715b 55c¢ 827a 697b 1277b 1257b 1452a 13.29d
10 5.85b 585b 73a 633d 1402b 1227c 1452a 13.6¢
11 535c¢c 69b 845a 609c 13.2c 1445a 14.42b 14.02b
Mean 6.25b 65b 8.16a 13.62b 13.21b 148a
Puya 12 3c 6.1la 4.62b 457d 139a 1337a 1417a 1381c
13 527c 582b 757a 6.22c¢c 134c 15.27b 156a 14.75 a
14 6.1c 7.15b 7.8a 7.0la 15a 13.32¢c 1455b 14.29b
15 6.47b 5.17c 855a 6.73b 15.07a 12 ¢ 13.8b 13.62 ¢
Mean 521c¢ 6.06b 7.13a 1434b 1349c 1453a

Pepper Mean

w N

~N o O b~
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Plant height (cm) Mean Stem diameter (mm)
Control AMF AMF+Rpcv Control AMF AMF+Rpcv
Serrano 16 4.72b 5.17b 6.67a 552D 13.1Db 12 ¢ 16.55a 13.88D

17 43c 522a 507b 496c 13.8¢c 1457b 14.7a 14.35a
18 455c 522b 6.85a 564a 13.07b 1457a 1245b 13.36D
Mean 452¢c 54b 6.19a 13.32b 13.71b 1546a
Jalapefio 19 39c 53D 59a 5.03e 13.2b 16.25a 13.65b 14.36d
20 465c¢c 7.2a 72a 6.35a 1555c¢c 16.42b 17.35a 16.44a
21 465c¢c 525b 6.25a 538d 1555a 15.37a 16.05a 16.65b
22 46c¢ 535b 6.9a 561lc 1205b 1445b 1537a 1295e
23 48c 6.72a 6.02b 585b 139c¢ 16.82a 15.47b 154¢c
Mean 452¢c 596b 6.45a 14.05¢ 15.26b 1551a
Generalmean 54b 597b 7.19a 13.8b 14.3b 14.88 a

AMF= arbuscular mycorrhizal fungi; AMF+Rpcv= arbuscular mycorrhizal fungi plus plant growth promoting
rhizobacteria. Averages in the same row and in the same variable with the same letter are statistically equal; likewise,
averages in the same column and for the same type of pepper are statistically equal (Tukey, o= 0.05).

Pepper Mean

In 14 of the 23 pepper genotypes it was found that the control without inoculation was surpassed
by both inoculated treatments (AMF and AMF+Rpcv). These results coincide or differ from Luna
et al. (2013) when inoculating pepper plants with Bacillus sp. MA 12, found an increase of 21.31%,
with respect to the control at 60 ddt and an average height of the plant of 13.43 cm and 11.07 cm,
for the control.

Stem diameter

The AMF+Rpcv treatment exceeded the AMF treatment and the control, in the evaluation at 84
ddt, according to average values for all pepper genotypes (Table 2). Regarding the averages of the
types of pepper only in the Ancho, Puya and Jalapefio types, the AMF+Rpcv treatment was superior
to the AMF and the control treatment. In 8 of the 23 genotypes, the AMF+Rpcv treatment surpassed
the AMF and control treatment. The AMF treatment exceeded the AMF+Rpcv treatment in
genotypes 4, 6, 7, 11, 18, 19, 21 and 23. In nine pepper genotypes, the control was surpassed by
the AMF and AMF+Rpcv treatments. The AMF+Rpcv treatment with a mean value of 14.88 mm,
exceeded the AMF treatment and the control (15.26 and 14.05 mm), the effect of the
microorganisms being evident.

Dry weight

In the evaluation at 84 ddt, the AMF+Rpcv treatment (83.98) was superior to the AMF treatment
(54.51) and the control (46.78), according to the general average of all the genotypes. Of the 23
pepper genotypes in 19 of them, the AMF+Rpcv treatment surpassed the AMF treatment and in 17
it outperformed both the AMF treatment and the control. The AMF treatment for its part managed
to surpass the witness in genotypes 5, 6 and 7 of the Ancho types, 11 of the Guajillo, 12, 13 and 14
of the Puya, 17 of the Serrano, 19, 20, 22 and 23 of the Jalapefio. The control was superior to the
AMEF treatment in genotypes 1 and 2 of the Pasilla type, 7 of the Ancho, 15 of the Puya, 16 of the
Serrano and 21 of the Jalapefio. In all cases, the mean per type of pepper from the AMF+Rpcv
treatment exceeded that of the AMF treatment and that of the control (Figure 1).
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Figure 1. Dry plant weight and root volume (84 ddt)
and Rpcv.

in 23 pepper genotypes inoculated with AMF

The effect of Rpcv (Pseudomona sp. and Bacillus sp.) Is reflected in the growth of plants as
mentioned (Gholami et al., 2009); likewise, Bashan et al. (2004), establish that there is an increase
in biomass.
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Root volume

In all cases, considering the average of the types of pepper, the AMF+Rpcv treatment exceeded the
AMF treatment and the control. The AMF+Rpcv treatment showed superiority in 16 of the 23
pepper genotypes evaluated (Figure 1). The AMF treatment surpassed the control in 10 of the 23
pepper genotypes (1 and 2 of the Pasilla type, 5, 6 and 7 of the Ancho, 8 of the Guajillo and 20 of
the Jalapefio). According to the means by type of pepper, the AMF+Rpcv treatment surpassed the
AMF treatment and the control in all cases (Figure 1).

Strength indices

The principal components analysis (PCA) indicated that with component 1, it explained 84% of
the total variance (Castafion-Najera et al., 2008). The ACP with the quantitative values of the 23
genotypes of pepper indicated that the eigenvectors of plant height, stem diameter, dry weight and
root volume contributed 42, 39, 41 and 41% to Component 1 (Table 3).

Table 3. Vigor indexes (lv) in 23 pepper genotypes inoculated with AMF and Rpcv.

Pepper Genotype Control AMF AMF+Rpcv
Pasilla 1 -0.92 -0.62 0.58
2 0.18 -0.76 1.37
3 -0.49 -1.74 0.44
Ancho 4 -0.39 0.29 -0.2
5 -0.29 -0.56 0.11
6 -0.87 -1.98 0.93
7 -0.17 -0.52 0.11
Guajillo 8 -0.56 -0.74 0.47
9 -0.81 -0.42 1.11
10 -0.2 -0.42 -0.64
11 -1.19 -1.51 1.16
Puya 12 -2.37 -0.22 -0.82
13 -2.13 -0.58 0.44
14 -1.11 -0.39 0.25
15 -0.89 -1.53 -0.86
Serrano 16 -1.28 -2.54 0.23
17 -1.63 -0.74 0.54
18 -1.31 -2.62 -0.8
Jalapefio 19 -1.69 -1.52 -0.12
20 -1.76 0.62 0.73
21 -2.68 -0.83 -0.22
22 -1.82 -0.99 -0.13
23 -2.18 0.21 -1.02

AMF= arbuscular mycorrhizal fungi; Rpcv= Plant growth promoting rhizobacteria.
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The characteristic values of this component were positive in their entirety for the AMF+Rpcv
Treatment, but not for the AMF treatment and the control, which were negative as established
Kaiser (1960); Castafion-Najera et al. (2008). the above, the additive effects of the AMF+Rpcv
coinoculation are checked, compared with the inoculation of the AMF alone, as reported by Kaiser
(1960); Bashan (1998).

Percentage of mycorrhizal colonization

The percentage of mycorrhizal colonization increased 79.07%. In 21 of the 23 pepper genotypes,
the AMF+Rpcv treatment exceeded the AMF treatment. Only in two cases did the AMF treatment
outperform the AMF Rpcv treatment in genotype 16 of the Serrano type and genotype 20 of the
Jalaperio type (Table 4). In all cases, considering the average of the types of pepper, the AMF+Rpcv
treatment exceeded the AMF treatment in the percentage of mycorrhization.

In two cases (Serrano peppers and Jalapefio peppers) the AMF+Rpcv treatment exceeded the AMF
treatment in a percentage of mycorrhization less than 100 percent with 46.99 and 52.39%.
Likewise, for the Ancho and Guajillo peppers, the AMF+Rpcv treatment exceeded the AMF
treatment by more than 100% with 106.68 and 105.86% (Table 4).

Table 4. Mycorrhizal colonization in 23 pepper genotypes inoculated with AMF and Rpcv under
greenhouse conditions.

Pepper Genotype AMF AMF+Rpcv Increase (%)
Pasilla 1 61.9 63.64 2.8
2 36.84 107.14 190.82

3 32.31 73.56 127.7

Mean 43.68 81.45 86.44

Ancho 4 31.94 98.33 207.83
5 40 71.08 77.71

6 46.67 56.06 20.13

7 24.64 70.59 186.51

Mean 35.81 74.02 106.68

Guajillo 8 21.84 47.13 215.79
9 28.79 31.75 10.28

10 27.27 57.58 111.11

11 25 75.38 201.54

Mean 25.72 52.96 105.86

Puya 12 29.51 43.28 46.68
13 21.21 70.77 233.63

14 52.63 51.35 -2.43

15 25.42 77.05 203.06

Mean 32.19 60.61 88.28

Serrano 16 22.81 58.21 155.22
17 42.62 68.18 59.97

18 59.57 57.35 96.27

Mean 41.67 61.25 46.99
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Pepper Genotype AMF AMF+Rpcv Increase (%)
Jalapefio 19 24.29 42.03 73.06
20 36.14 83.75 131.71

21 18.46 53.23 188.31

22 66.15 41.94 -36.59

23 36.92 56.36 52.61

Mean 36.39 55.46 52.39

General mean 35.35 63.29 79.07

AMF= arbuscular mycorrhizal fungi; Rpcv= Plant growth promoting rhizobacteria.

The witness did not present mycorrhizal colonization. The previous results agree with the authors
(Kaiser, 1960; Bashan, 1998; Rai, 2001), who report increases in the mycorrhization of plants due
to the effect of co-inoculation with Rpcv.

Dead plants by P. capsici attack

The trend in number of dead plants was similar in all sampling dates (31, 59, 84 ddt). At 84 ddt,
the control showed the highest number of plants killed by P. capsici, equivalent to 47%, followed
by the AMF treatment with 37% and 16% for the AMF+Rpcv treatment. The Pasilla, Ancho and
Serrano peppers of the AMF+Rpcv treatment presented the least amount of dead plants compared
to the control. The joint inoculation of the microorganisms (AMF and Rcpv) managed to counteract
the damage of P. capsici, greatly reducing the attack of the phytopathogen in the plant.

The Pasillas pepper showed higher resistance 19.39%, followed by the Guajillos 21.9%, the Ancho
26.47%, the Puyas 32.04%, the Jalapefios 36%, and the Serranos 46.67%, the latter being the most
susceptible to the damage of phytopathogens (Table 5).

Table 5. Percentage of dead plants per attack of P. capsici, in the types of pepper and study

treatments.
Pepper Treatments 31 ddt (%) 59 ddt (%) 84 ddt (%)

Pasilla Control 1 1 2
AMF 1.74 2.61 4.35
AMF+Rpcv 0 0 0.87

Ancho Control 3 3 5
AMF 3.48 3.48 6.09
AMF+Rpcv 1.74 1.74 2.61

Guajillo Control 4 4 5
AMF 0.87 0.87 3.48
AMF+Rpcv 0 1.74 1.74

Puya Control 5 7 11
AMF 4.35 4.35 3.48
AMF+Rpcv 0.87 0.87 2.61

Serrano Control 3 4 7
AMF 3.48 5.22 9.57
AMF+Rpcv 0.87 0.87 2.61

611



Rev. Mex. Cienc. Agric. vol. 10 num. 3 April 01 - May 15, 2019

Pepper Treatments 31 ddt (%) 59 ddt (%) 84 ddt (%)
Jalapefio Control 10 12 17
AMF 3.48 3.48 5.22
AMF+Rpcv 2.61 3.48 3.48

AMF= arbuscular mycorrhizal fungi; AMF+Rpcv= arbuscular mycorrhizal fungi plus plant growth promoting
rhizobacteria; P. capsici= Phytophthora capsici; ddt= days after transplant.

The protection of plants against phytopathogenic diseases (Loreli et al., 2002; SIAP, 2015) can
occur through AMF and Rpcv, natural enemies of Phytophthora, Fusarium, Rhizoctonia and others
(Rillig, 2007).

The obtained results demonstrate the response of the Rpcv (Pseudomona tolasii P-61 and Bacillus
pumilus R-44) in the in vitro germination of AMF spores (Rhizophagus intraradices, Merida-
Papaya, Jalapa | and Cedro). In addition, the combined effect of AMF and higher Rpcv with respect
to AMF and control in plant height, stem diameter, dry weight, root volume and percentage of
mycorrhizal colonization. These microorganisms are known as plant growth promoters (Kloepper
and Schroth, 1978), but with this study the foundations are laid for the development of a
coinoculation technology (AMF and Rpcv) to improve the production of Mexican pepper
genotypes.

Conclusions

The AMFs associated with the Rpcv, achieved significant increases in plant height, stem diameter,
dry weight of the plant and root volume and decreased damage caused P. capsici.

The variables height of plant, diameter of stem, dry weight and volume of root kept a positive
correlation, where in the measure that one showed effect the rest did it also.

The Pasilla peppers presented greater resistance to the attack of P. capsici and Jalapefio and Serrano
were the ones with the least resistance.
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