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Abstract

In the present study, the effect of the inoculation of Plant Growth Promoting Rhizobacteria (root-
dwelling bacteria that promote plant growth through various mechanisms, commonly known by
the acronym PGPR); LBEndol (Bacillus paralicheniformis), NFbEndo2M2 (Acinetobacter
guillouiae), KBEndo3 (Aeromonas caviae), and KBEcto4 (Pseudomonas lini) were evaluated in
tomato plants (Solanum lycopersicum L. cv ‘Top1182°) into two soil preparations and the use of
compost under commercial shade house conditions. Root weight of tomato plant were increased
significantly by inoculation with LBEndol and KBEcto4 strains, 119.3 and 81.9%, respectively,
on composted flatted soil conditions compared to tomato plants control uninoculated. The PGPR
treatments also increased fruit number per plant on both soil condition preparations. KBEcto4 was
the treatment with the highest number of fruits with 23 tomatoes plant™, compared with 18.6 fruits
plant control uninoculated on composted flatted soil conditions. The yield and marketable yields
were also enhanced by the inoculation of LBEndol and KBEcto4 strains in both soil preparations.
The plant growth promoting rhizobacteria and the use of organic fertilizer have the potential to be
useful under shade house production and is a viable alternative to improving the yield of tomato.
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Introduction

Tomato fruits (Solanum lycopersicum L.) production is one of the most important consumed
vegetal crops worldwide. Tomato plants are characterized by rapid growth and high yields.
Nutritionally, tomato fruits are rich in antioxidants such as vitamin C, lycopene, and carotenes
as well as minerals, sugars, and fibers that play an important role in human health (Dumas et
al., 2003; Naika et al., 2005; Nzanza et al., 2012). Greenhouse, shade house or protected
cultivations are alternatives for using soil, water, and other resources more efficiently;
moreover, is the best alternative for production of tomato in quantity and quality because the
process is clean and free from insect pests and diseases (Gruda 2005; Mahajan and Singh, 2006;
Cervantes-Vazquez et al., 2021).

Currently millions of tons of chemical fertilizers are applied to crops to improve the yield; however,
the effectiveness is diminished by excesses in fertilizers uses. It is also being important to highlight
the negative effects of fertilizers on environment due to pollution of the soil and groundwater
(Ayala and Prakasa-Rao, 2002; Son et al., 2006; Pastor et al., 2014). Another limiting factor on
productivity of crops is water deficit, in special in arid and semiarid regions (Armada et al., 2014).

Therefore, it is necessary to search alternatives to increase yield and quality of crops without
affecting the environment and to reduce the water use in protected cultivations Kumari et al.
(2019). The use of soil and rhizosphere beneficial microorganisms for increasing the nutrients
and water uptake capacity and efficient use by cultivated plants is a great potential possibility.
The biofertilizers like plant growth-promoting rhizobacteria (PGPR) are a feasible manage for
crop yield increases (Mena-Violante and Olalde-Portugal, 2007; Armada et al., 2014; Ruzzi and
Aroca, 2015). PGPR can exert a beneficial effect on plants by numerous mechanisms involved
on enhance the growth, these mechanisms are protection against phytopatogens (fungi, bacteria,
nematodes, etc.), enhancing the availability of nutrients to the host plant, lowering the ethylene
production or by enhancing stimulatory compounds, as such as phytohormones (Gravel et al.,
2007; Copetta et al., 2011).

The assays for determine the capacity of increase in growth is easily controlled in vitro sterile
conditions, but under nonsterile soil uncontrolled conditions (pot, protected agriculture, and open
agriculture), the inoculated PGPR lost the growth promotion effect by compete with soil
microbiota. Despite this, there are several examples of growth and yield increase in vegetables,
fruit crops, and flower plants. The PGPR positive effect in horticulture was review recently (Ruzzi
and Aroca, 2015).

The tomato production in North of Mexico is almost exclusively in protected cultivation since
arid and semiarid conditions are predominant. Tomato production to enabling winter production
in México and the potential to be a year-round supplier of North America (Cook and Calvin,
2005). Arid and semiarid soils are characterized by lack of structure and organic matter. Not only
does the applications of organic amendments (humus, compost, nutrients, etc.) improve the soil
structure, but also increase the microbial activities (Trejo et al., 2012; Lopez et al., 2013; Armada
et al., 2014).
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The aim of this work was to evaluate the effect of the inoculation of four strains of PGPR into
plants and fruit yield of tomato in shade house conditions; moreover, to compare the effect of soil
preparations and the use of compost in addition, we analyzed the growth of plants and fruit yield
of tomato.

Materials and methods
PGPR strains and culture media

The PGPR strains were isolated from rhizosphere of the grass halophyte Distichlis spicata L. The
bacterial strains used were: LBEndol, NFbEndo2M2, KBEndo3, and KBEcto4. The LBEndo1,
KBEndo3, and KBEcto4 strains were characterized previously as PGPR, these strains improved
growth under standard and saline conditions, which correlated with IAA and siderophore
production, as well as phosphate solubilization (Palacio-Rodriguez, 2015; Espinosa-Palomeque et
al., 2017; Palacio-Rodriguez et al., 2017; Gonzalez-Rodriguez et al., 2018; Espinosa-Palomeque
etal., 2019). Stock of PGPR strains were stored -70 °C in 30% glycerol and before being used were
grown at 30 °C and 180 rpm overnight in Luria Broth medium. Bacterial suspensions were adjusted
to 1x108 CFU ml before making the inoculations to tomato plants.

Shade house experiments

The experiments were conducted in the commercial shade houses of the company ‘Agricola Vigo’,
Ejido EI Pilar, Matamoros, Coahuila. The site is located at 25° 72° 38.33” north latitude, 103° 32’
73.08” west longitude. Tomato seeds (Solanum lycopersicum L. cv ‘Top1182’) were germinated
in transplant tray (200 inverted pyramid cells of 2.5 X 6.5 cm, side length X depth) filled with peat
moss (Lambert peat moss, Inc, Quebec, Canada). 43 days after germination the plantlets were
inoculated by immersion in a bacterial suspension of 1x108 CFU mlI™ one by one. After three days
of inoculation the tomato plants were transplanted to shade house conditions.

The experimental design in shade house was divided into two conditions according to soil
preparation (characterized by being a clayey soil): the first one, soil in flat was enriched with coconut
fiber (15 kg m) and composted cattle manure (12.5 kg m), there were four repetitions of 200
tomato plants by each PGPR inoculated, plus a control row with 200 tomato plants uninoculated.
Beds soils (%30 cm high) were used for the second condition, four repetitions of 200 tomato plants
by each PGPR inoculated, plus a control row with 200 tomato plants uninoculated (Table 1).

Table 1. Treatments divided into two groups (ten treatments): flatted soil and Beds soil, each
group had the treatments: control, LBEndol, NFbEndo2M2, KBEndo3, and KBEcto4.
All treatments had four repetitions.

Flatted soil Beds soil
uninoculated Control Control
Inoculated LBEndol LBEndol
Inoculated NFbEndo2M2 NFbEndo2M2
Inoculated KBENdo3 KBEndo3
Inoculated KBEcto4 KBEcto4
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All the tomato plants were planted in rows with 18 cm between tomato plants and 1.8 m between
rows. The tomato plants were drip-irrigated with a fertilizer solution containing (mg L™): N 2 311,
Ca 626, Mg 1 158, K 723, and micronutrients 15. The plants were re-inoculated two months after
the first inoculation at beginning of bloom stage (63 days after transplantation on shade-house
conditions), the second inoculation was performed using a manual 20 L knapsack sprayer with 40
ml of 1x10® CFU ml* of each bacterial suspension by tomato plants.

Biometric parameters and yields tomato

Throughout the experiment, two samples were taken, the effect of PGPR in the plant growth was
determined in the first sampling; three plants by treatment were harvest and shoot length, root fresh
weight, stem diameter, fruit weight, and number of fruits per plants were determined after 59 days
of transplanted to shade house (62 days after first inoculation).

Yield and quality evaluation was determined in the second sampling, 87 days after transplanted to
shade house (90 days after first inoculation). Twenty red tomato fruits were randomly sampled of
harvest total by treatment. Fruit size was determined by measuring fresh weight and equatorial
diameter of 20 red fruits harvested. Tomato fruits equatorial diameter was measured with a caliper
(Scala, Inox 222B, México) and divided into four categories of marketable classification: extra-
large (>67 mm), large (54-67 mm), medium (47-54 mm) and small (<47 mm) according to the
Jones (1999) scale. Two of twenty tomato fruits were cut in half by equatorial diameter to visually
examine the size and internal appearance (Table 2).

Table 2. Time in which the biometric parameters of shoot length, root fresh weight, stem
diameter, fruit weight, number of fruits per plant, yield, and fruit quality were taken.

shoot Stem Root fresh Fruit Number of vield Fruit

length diameter weight weight  fruits per plant Quality
62 days 62 days 62 days 62 days 62 days 90 days 90 days
after first  after first  after first after first after first after first  after first

inoculation inoculation inoculation inoculation inoculation inoculation inoculation

Statistical analysis

Data were obtained under completely randomized design with four replications number. The data
of measured parameters were analyzed using analysis of variance Anova with the help of software
Microsoft Excel complement XLSTAT. Means were tested by minimum significant difference
(MSD) at p< 0.05.

Molecular identification of PGPR by 16S rRNA

The four rhizobacteria were identified by molecular analysis, the LBEndol, and KBEcto4
rhizobacteria were reported in Palacio-Rodriguez et al. (2017). NFbEndo2M2, and KBEndo3
rhizobacteria were subjected to 16S rRNA gene sequence analysis. The DNA was extracted by
CTAB technique according to the method of Doyle and Doyle (1990). Partial amplification of 16S
rRNA gene was made by PCR technique using the 27F oligonucleotides 5’ AGAGTTTGATCMT
GGCTCAG 3’ and 1492R 5’GGTTACCTTGTTACGACTT 3’, the PCR product was purified
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using the kit AxyPrep DNA gel Extraction kit (Axygen) and then sent to be sequenced to McLAB
in San Francisco, CA, USA. The sequences obtained from sequencing underwent compared using
Blast (NCBI) (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to determine the taxonomy of the bacterial
strains (Weisburg et al., 1991; Altschul et al., 1997).

Results and discussion
Effects on growth promotion of tomato plants

In this study, the effect of four PGPR strains on the growth of tomato plants was investigated under
shade house conditions using flatted soil added of coconut fiber and compost and raised beds soil
without compost. Significant increases in root fresh weight were observed with the inoculations of
PGPR in special with LBEndol and KBEcto4 strains. The inoculation of tomato plants with PGPR
promoted the vegetative growth, increase of growth was observed on shoot length, root weight,
and stem diameter.

Even though no marked differences were observed in the increase in shoot length and root weight,
increase in root weight by the strains LBEndol1 and KBEcto4 on composted flatted soil conditions,
by 119.3 and 81.9%, respectively, compared to tomato plants control uninoculated (Table 3 and
Figure 1). The root of tomato plants inoculated with PGPR showed that they modified the
architecture and increased growth of plants roots (Figure 1). Root fresh weight was increased
significantly in tomato plants inoculated with LBEndol, NFbEndo2M2, and KBEcto4 compared
to controls uninoculated (Figure 1).

Table 3. Biometric parameters of tomato plants after 61 days of PGPR inoculations.

Treatment  Shoot length (cm) Stem diameter (cm) Root fresh weight (g) No. fruits plant™
Flatted soil
Control 136 +16.3 a 1.19+0.011c 21.7+29c 18.6 £1.3 bc
LBEndol 152.7 +5.3 a 1.46 £0.06 a 476+1.9a 21.6 0.6 ab
NFbEndo2M2 148.7 +3.3 a 1.29 £0.047 bc 36.4+3.3b 20 +1.1 abc
KBEndo3 137.7+12 a 1.38 £0.033 ab 254 +25¢ 16.6 £1.7c
KBEcto4 150 £5.7 a 1.46 £0.024 a 39.4+16Db 23122 a
Raised beds soil
Control 137+2.2a 1.32+0.028 c 13.3+2.4Db 17.3+0.6C
LBEndol 129.7 +11.3 a 1.39 £0.017 bc 27.7+2.7 a 22+1.1ab
NFbEndo2M2 140.3+45a 1.65 £0.056 a 36.6 +9 a 20 +1.1 bc
KBEndo3 138.7 +8.4 a 1.34 £0.045 ¢ 34.0+4.1a 243 1.7 a
KBEcto4 146.3 +19.6 a 1.47 £0.068 b 26.7 3.2 a 21+1.1b

Mean values + SEM are shown; different letters indicate statistically significant differences (p< 0.05) among

treatments.
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Figure. 1. Root systems of tomato plants: flatted soil preparation (A-E) and raised beds soil
preparation (F-J); uninoculated control (A and F); LBEndol inoculated (B and G);
NFbEndo2M2 (C and H); KBEndo3 (D and I); and KBEcto4 (E and J).

Our results agree with those reported by Gamalero et al. (2002, 2004), who worked with
Pseudomonas fluorescens 92rk and P. fluorescens A6RI increased the root fresh weight and
affected root architecture when they are inoculated in tomato plants. It Also agrees with what was
reported with Sharma et al. (2015) reported a significant increase in plant growth parameters
(length and weight of shoot and root) in tomato seedlings treated with Bacillus subtillis strain S25,
which is a strain with antagonistic activity to Phytophthora capsici.

Stem diameter of tomato plants was increased on composted flatted soil conditions by PGPR
strains LBEndol and KBEcto4 inoculation by 22.17 and 22.42%, respectively, for raised beds
soil conditions the PGPR strains NFbEndo2M2 and KBEcto4 inoculation increased significantly
by 24.71 and 11.11%, respectively, in relation to control plants uninoculated (Table 3). The
increased of stem diameter in tomato plants due to inoculation of PGPR agrees with reported by
Zulueta-Rodriguez et al. (2020), who reported an evident increase of up to 15% in stem diameter
in tomato seedlings inoculated with Bacillus subtilis in a chapel-like greenhouse under semi-
hydroponic conditions.

The PGPR treatments also increased fruit number per plant on both soil condition preparations.
KBEcto4 was the treatment with the highest number of fruits with 23 tomatoes per plant, compared
with 18.6 fruits per plant control uninoculated on composted flatted soil conditions. The increase
in the growth of tomato plants by PGPR inoculations was already reported (Gamalero et al., 2002,
2004; Kokalis-Burelle et al., 2002; Gravel et al., 2007; Mena-Violante and Olalde-Portugal, 2007;
Felici et al., 2008; Pastor et al., 2014; Sharma et al., 2015). There are few reports about evaluation
of crops in shade house conditions, Yu et al. (2011) reported that Pseudomonas chlororaphis and
Pseudomonas fluorescens increased the phosphorous and nitrogen uptake, and height, shoot and
root dry weight of walnut seedlings under shade house conditions. However, the present study
reports for the first time the effect of rhizobacteria LBEndol, NFbEndo2M2, KBEndo3, and
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KBEcto4 on the growth of tomato plants under commercial shade house conditions. Moreover, the
soil preparation and organic fertilizer added were also shown to have a stimulating effect on the
growth in tomato plants.

Yield and marketable tomato fruit

After 12 weeks of shade house experiments, the size and the weight of the tomato fruit was obtained
of 20 randomly red fruits of each treatment and the respective control uninoculated of both soil
preparations variants (flatted and raised beds soil). Yield of the tomato plants was increased
significantly in two of four PGPR strains used. As shown in Table 4, strains LBEndol and KBEcto4
had the ability to increase the fruit weight and equatorial diameter on both soil preparations; raised
beds and flatted soil supplemented with organic fertilizer where the increase in size is more evident
in tomato fruits.

The average weight of tomato fruits per plant treated with LBEndol (236.27 and 225.8 g
corresponding to 40.8% and 48.4% respectively more than control) and KBEcto4 (240.22 and
211.41 g corresponding to 43.1% and 38.9%, respectively, more than control) strains in both soil
preparations were higher than those of others including the uninoculated control (Table 4). The
results in the present study exceed those reported by Katsenios et al. (2021), where the increased
of mean tomato fruit weight per plant by 30.7, 28.81, 27.52, and 26.78% by the inoculation with
Bacillus subtilis, Bacillus amyloliquefaciens, Priestia megaterium, and Bacillus licheniformis,
respectively compared to control on the cultivation of industrial tomato.

Table 4. Yield and marketable size classification of tomato fruits after 90 days of PGPR
inoculations. According to the Jones (1999) scale the marketable classification was
divided in; extra-large (>67 mm), large (54-67 mm), medium (47-54 mm) and small
(<47 mm).

Marketable classification
Extra-large Large Medium  Small

Equatorial

Treatments  Fruit weight (g) oo (cm)

(%) (%) (%) (%)
Flatted soil
Control 167.8 £24.7 ¢ 6.5+0.37b 25 75 0 0
LBEndol 236.2 +23.4 ab 7.6+0.32a 95 5 0 0
NFbEndo2M2  162.3+20.2c¢c 6.4+0.39b 40 50 10 0
KBEndo3 199.5 + 0.6 abc 7 £0.49 ab 70 20 10 0
KBEcto4 240.2 +34 a 76+05a 65 35 0 0
Raised beds soil

Control 152.2 +17.6 b 6.4 +0.33 ¢c 40 55 5 0
LBEndol 225.8+19.5a 7.4+0.29 a 85 15 0 0
NFbEndo2M2 160.4 +17.1b 6.3+0.3¢ 40 55 0 5
KBEndo3 164.6 +21.3 b 6.5 +0.44 bc 25 65 10 0
KBEcto4 211.4 +26.3 a 7.1+0.36 ab 70 30 0 0

For fruit parameters the mean values + SEM are shown; different letters indicate statistically significant differences
(p< 0.05) among treatments.
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The equatorial diameter of tomato fruit in LBEndol inoculated treatment was increased 16.4%
(7.623 cm) and 15.2% (7.423 cm) compared to control uninoculated (6.545 and 6.445 c¢cm) for
flatted and raised beds soil, respectively (Table 4; Figure 2). The KBEcto4 treatments increased
the equatorial diameter by 16.5% (7.625 cm) and 11.1% (7.166 cm) compared to controls of
composted flatted soil conditions (6.545 cm) and raised beds soil (6.445 cm), respectively (Table
4 and Figure 2).

Figure. 2. Tomato fruits cut in half: flatted soil preparation (A-E) and raised beds soil preparation
(F-J); uninoculated control (A and F); LBEndol inoculated (B and G); NFbEndo2M2 (C
and H); KBEndo3 (D and I); and KBEcto4 (E and J).

This effect is also observed in the study carried out by Espinosa-Palomeque et al. (2017) with the
same strains that we report here under greenhouse conditions, where increases in the equatorial
diameter of tomato fruits are reported in the treatment with the LBEndol strain corresponding to
Bacillus paranichelliformis. Gul et al. (2008) reported the effect of two commercial strains of
Bacillus amyloliquefaciens (FZB24 and FZB42) on tomato yield, the application of either strain
increased the yield by 8-9%. In a similar way, enhance of yield has been reported in tomato plants
inoculated with PGPR Bacillus subtilis BEB-13bs, increasing yield and marketable grade yield
(21%) compared to control (Mena-Violante and Olalde-Portugal, 2007).

Marketable tomato fruits yields were increased significantly in all the treatments of composted
flatted soil conditions compared to control tomato fruits and for raised beds soil the LBEndol
and KBEcto4 were higher than control uninoculated. In the same way as in the previous
parameters the LBEndol was higher with 95% (composted flatted soil conditions) and 85%
(raised beds soil conditions) of extra-large marketable grade yield (Table 2 and Figure 2). The
Figure 2 showed tomato fruit cut in half by the equatorial diameter, in which the size of the fruit
is observed between treatments, the largest fruits are observed for the LBEndol and KBEcto4.
Although, not enough observations of tomatoes fruits cut in a half, the locules number is higher
in PGPR treatments in comparison with tomatoes fruits uninoculated; this is important in the
texture and firmness of fruits. Espinosa-Palomeque et al. (2017) determined the firmness of
tomato fruits by penetrometer device, finding that tomatoes from inoculated plants have greater
firmness compared to controls without inoculation.
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Identification of selected strain by 16S rRNA sequencing

The selected rhizobacteria were identified by PCR amplification and sequencing of 16S rRNA
gene. The LBEndo1, and KBEcto4 rhizobacteria were reported in Palacio-Rodriguez et al. (2017).
NFbEndo2M2, and KBEndo3 rhizobacteria were subjected to 16S rRNA gene sequence analysis.
The 16S rRNA gene partial sequence obtained of the sequencing were subject to homology analysis
in BLAST (NCBI Database), which retrieve taxonomic positions of rhizobacteria strains, LBEndo1
is like Bacillus paralicheniformis with a homology 96%, NfbEndo2M2 was 98% like
Acinetobacter guillouiae, KBEndo3 had a similarity of 99% to Aeromonas caviae and KBEcto4
exhibited 99% homology with Pseudomonas lini (Table 5).

Table 5. Molecular ldentification of rhizobacteria LBEndol, NFbEndo2M2, KBEndo3 and
KBEcto4 by 16S rRNA sequences.

ID Taxon pb Identity (%) # access
“LBEndo1 Bacillus parallicheniformis 563 96 NR-137421.1
NFbEndo2M2 Acinetobacter guillouiae 1416 98 KJ-147068.1
KBEndo3 Aeromonas caviae 918 99 NR-104824.1
“KBEcto4 Pseudomonas lini 1387 99 NR-099042.2

“= Reported in Palacio-Rodriguez et al. (2017).
Conclusions

In this study the enhancements of growth, mainly observed in the root development and the
increased yield of the fruit in tomato plants by application of LBEndol and KBEcto4 PGPR in
roots and were shown in a commercial shade house test. Moreover, the use of compost and coconut
fiber on flatted soil preparation improved growth and yield of tomato plants. In conclusion, PGPR
and the use of organic fertilizer have the potential to be useful in shade house production and it is
a viable alternative to improving the yield of tomato. Therefore, the isolation, selection, and
evaluation of effective and efficient PGPR strains as bio-fertilizer should be a scalable process of
laboratory, greenhouse, and field assays.

Acknowledgements

We thank to company ‘Agricola Vigo’ for allowing conducted the experiments in the commercial
shade houses.

Cited literature
Altschul, S. F.; Madden, T. L.; Schaffer, A. A.; Zhang, J.; Zhang, Z.; Miller, W. and Lipman, D. J.

1997. Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs. Nucleic Acids Res. 25(17):3389-3402.

239



Rev. Mex. Cienc. Agric. esp. pub. num. 28 September 15 - October 30, 2022

Armada, E.; Portela, G.; Roldan, A. and Azcon, R. 2014. Combined use of beneficial soil
microorganism and agrowaste residue to cope with plant water limitation under semiarid
conditions. Geoderma. 232:640-648.

Ayala, S. and Prakasa, R. E. V. S. 2002. Perspectives of soil fertility management with a focus on
fertilizer use for crop productivity. Curr Sci India. 82(7):797-807.

Cervantes, V. T. J. A.; Valenzuela, G. A. A; Cervantes, V. M. G.; Guzman, S. T. L.; Fortiz, E. L.;
Rangel, P. P. and Rueda, P. E. O. 2021. Morphophysiological, enzymatic, and elemental
activity in greenhouse tomato Saladette seedlings from the effect of plant growth-
promoting rhizobacteria. Agronomy. 11(5):1-15.

Cook, R. and Calvin, L. 2005. Greenhouse tomatoes change the dynamics of the North American
fresh tomato industry. Economic Research Service ERR-2. USDA/ERS. Washington. DC.
20-33 pp. http://www.ers.usda.gov/publications/err2/err2g.pdf.

Copetta, A.; Bardi, L.; Bertolone, E. and Berta, G. 2011. Fruit production and quality of tomato
plants (Solanum lycopersicum L.) are affected by green compost and arbuscular
mycorrhizal fungi. Plant Biosyst. 145(1):106-115.

Doyle, J. J. and Doyle, J. L. 1990. Isolation of plant DNA from fresh tissue. Focus 12:13-15.

Dumas, Y.; Dadomo, M.; Di-Lucca, G. and Grolier, P. 2003. Effects of environmental factors
and agricultural techniques on antioxidant content of tomatoes. J. Sci. Food Agric.
85(3):369-382.

Espinosa, P. B.; Cano, R. P.; Salas, P. L.; Garcia, H. J. L.; Preciado, R. P.; Saenz, M. J. and Reyes,
C. J. L. 2019. Bioinoculantes y concentracion de la solucién nutritiva sobre la produccion
y calidad de tomate. Biotecnia. 21(3):100-107.

Espinosa, P. B.; Moreno, R. A.; Cano, R. P.; Alvarez, R. V. P.; Séenz, M. J.; Sanchez, G. H. y
Gonzalez, R. G. 2017. Inoculacién de rizobacterias promotoras del crecimiento vegetal
en tomate (Solanum lycopersicum L.) cv Afrodita en invernadero. Terra Latinoam.
35(2):169-178.

Felici, C.; Vettori, L.; Giraldi, E.; Forino, L. M. C.; Toffanin, A.; Tagliasacchi, A. M. and Nuti, M.
2008. Single and co-inoculation of Bacillus subtilis and Azospirillum brasilense on
Lycopersicon esculentum: effects on plant growth and rhizosphere microbial community.
Appl Soil Ecol. 40(2):260-270.

Gamalero, E.; Martinotti, M. G.; Trotta, A.; Lemanceau, P. and Berta, G. 2002. Morphogenetic
modifications induced by Pseudomonas fluorescens A6RI and Glomus mosseae BEG12 in
the root system of tomato differ according to plant growth conditions. New Phytol.
155(2):293-300.

Gamalero E.; Trotta, A.; Massa, N.; Copetta, A.; Martinotti, M. G. and Berta, G. 2004. Impact of
two fluorescent pseudomonads and an arbuscular mycorrhizal fungus on tomato plant
growth., root architecture and P acquisition. Mycorrhiza. 14(3):185-192.

Gonzélez, R. G.; Espinosa, P. B.; Cano, R. P.; Moreno, R. A.; Leos, E. L.; Sdnchez, G. H. y Séenz,
M. J. 2018. Influencia de rizobacterias en la produccion y calidad nutracéutica de tomate
bajo condiciones de invernadero. Rev. Mex. Cienc. Agric. 9(2):367-379.

Gravel, V.; Antoun, H. and Tweddell, R. J. 2007. Growth stimulation and fruit yield improvement
of greenhouse tomato plants by inoculation with Pseudomonas putida or Trichoderma
atroviride: possible role of indole acetic acid (IAA). Soil Biol. Biochem. 39(8):1968-1977.

Gruda N. 2005. Impact of environmental factors on product quality of greenhouse vegetables for
fresh consumption. Crit. Rev. Plant Sci. 24(3):227-247.

240


http://www.ers.usda.gov/publications/err2/err2g.pdf.

Rev. Mex. Cienc. Agric. esp. pub. num. 28 September 15 - October 30, 2022

Gil, A.; Kidoglu, F.; Tulzel, Y. and Tuzel, 1. 2008. Effects of nutrition and Bacillus
amyloliquefaciens on tomato (Solanum lycopersicum L.) growing in perlite. Span J. Agric.
Res. 6(3):422-429.

Jones, J. B. 1999. Tomato plant culture. In: in the field, greenhouse, and home garden. CRC Press
LLC., Florida. 299 p.

Katsenios, N.; Andreou, V.; Sparangis, P.; Djordjevic, N.; Giannoglou, M.; Chanioti, S.; Stergiou,
P.; Xanthou, M. Z.; Kakabouki, I.; Vlachakis, D.; Djordjevic, S.; Katsaros, G. and
Efthimiadou, A. 2021. Evaluation of plant growth promoting bacteria strains on growth,
yield and quality of industrial tomato. Microorganisms. 9(10):1-17.

Kokalis, B. N.; Vavrina, C. S.; Rosskopf, E. N. and Shelby, R. A. 2002. Field evaluation of plant
growth-promoting rhizobacteria amended transplant mixes and soil solarization for tomato
and pepper production in Florida. Plant Soil. 238(2):257-266.

Kumari B.; Mallick, M. A.; Solanki, M. K.; Solanki, A. C.; Hora, A.; Guo, W. 2019. Plant growth
promoting rhizobacteria (PGPR): modern prospects for sustainable agriculture. In: Ansari,
R. and Mahmood, I. (Ed.). Plant health under biotic stress. Springer. Singapore. 109-127
pp. https://doi.org/10.1007/978-981-13-6040-4_6.

Lépez, B. R.; Bashan, Y.; Trejo, A. and de-Bashan, L. E. 2013. Amendment of degraded desert
soil with wastewater debris containing immobilized Chlorella sorokiniana and
Azospirillum brasilense significantly modifies soil bacterial community structure.,
diversity., and richness. Biol. Fert. Soils. 49(8):1053-1063.

Mahajan, G. and Singh, K. G. 2006. Response of greenhouse tomato to irrigation and fertigation.
Agr. Water Manage. 84(2):202-206.

Mena, V. H. and Olalde, P. V. 2007. Alteration of tomato fruit quality by root inoculation with
plant growth promoting rhizobacteria (PGPR): Bacillus subtilis BEB-13bs. Sci. Hortic.
113(1):103-106.

Naika, S.; Jeude, J.; Goffau, M.; Hilmi, M. and Dam, B. 2005. Cultivation of tomato: production,
processing and marketing. Agromisa Foundation and CTA., Wageningen. The Netherlands.
6-10 pp.

Nzanza, B.; Marais, D. and Soundy, P. 2012. Response of tomato (Solanum lycopersicum L.) to
nursery inoculation with Trichoderma harzianum and arbuscular mycorrhizal fungi under
field conditions. Acta Agr. Scand B-S P. 62(3):209-215.

Palacio, R. R.; Coria, A. J. L.; Lopez, B. J.; Sanchez, S. J.; Muro, P. G.; Castafieda, G. G. and
Séenz, M. J. 2017. Halophilic rhizobacteria from Distichlis spicata promote growth and
improve salt tolerance in heterologous plant hosts. Symbiosis. 73(3):179-189.

Palacio, R. R. 2015. Caracterizacion de rizobacterias promotoras de crecimiento vegetal del pasto
hal6filo Distichlis spicata (L.) Poaceae [dissertation]. GoOmez Palacio., Durango, México.
Facultad de Ciencias Bioldgicas. Universidad Judrez del Estado de Durango. 26-54 pp.

Pastor, N.; Rosas, S. Luna, V. and Rovera, M. 2014. Inoculation with Pseudomonas putida PCI2.,
a phosphate solubilizing rhizobacterium, stimulates the growth of tomato plants.
Symbiosis. 62(3):157-167.

Ruzzi, M. and Aroca, R. 2015. Plant growth-promoting rhizobacteria act as biostimulants in
horticulture. Sci. Hortic. 196:124-134.

Sharma, R.; Chauhan, A. and Shirkort, C. K. 2015. Characterization of plant growth promoting
Bacillus strains and their potential as crop protectans against Phytophthora capsici in
tomato. Biol. Agric. Hortic. 31(4):230-244.

241



Rev. Mex. Cienc. Agric. esp. pub. num. 28 September 15 - October 30, 2022

Son, H. J,; Park, G. T.; Cha, M. S. and Heo, M. S. 2006. Solubilization of insoluble inorganic
phosphates by a novel salt- and pH-tolerant Pantoea agglomerans R-42 isolated from
soybean rhizosphere. Bio. Technol. 97(2):204-210.

Trejo, A.; De-Bashan, L. E.; Hartmann, A.; Hernandez, J. P.; Rothballer, M.; Schmid, M. and
Bashan, Y. 2012. Recycling waste debris of immobilized microalgae and plant growth-
promoting bacteria from wastewater treatment as a resource to improve fertility of eroded
desert soil. Env. Exp Bot. 75:65-73.

Weisburg, W. G.; Barns, S. M; Pelletier, D. A.; David, P. Jand Gene, L. 1991. 16s ribosomal DNA
amplification for phylogenetic study. J. Bacteriol. 173(2):697-703.

Yu, X.; Liu, X; Zhu, T. H.; Liu, G. H. and Mao, C. 2011. Isolation and characterization of
phosphate solubilizing bacteria from walnut and their effect on growth and phosphorus
mobilization. Biol. Fert. Soils. 47(4):437-446.

Zulueta, R. R.; Hernandez, M. L. G.; Reyes, P. J. J.; Gonzélez, M. G. Y. and Lara, C. L. 2020.
Effects of co-inoculation of Bacillus subtilis and Rhizoglomus intraradices in tomato
production (Solanum lycopersicum L.) in a semi-hydroponic system. Rev. Bio. Cienc.
7:1-17.

242



