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Abstract 
 

In the Comarca Lagunera, Mexico, there are greenhouses and shade houses devoted to growing 

tomatoes (Solanum lycopersicum L.), with high productivity. The search for alternatives to improve 

production and meet the demand for healthy foods has recently begun. The objective of the work 

was to characterize a bacterium isolated from the endorhizosphere of tomato plants and evaluate 

its combined use with solarized manure to promote tomato growth and yield under greenhouse 

conditions. The bacterium was identified as Bacillus cereus by analyzing the 16S rRNA gene and 

showed the ability to solubilize phosphates (solubilization halo 5.123 ±0.702 mm), produce 

siderophores (halo 6.54 mm) and indoleacetic acid (5.9 μg ml-1). In a greenhouse, seeds of tomato 

variety saladette TOP 2299 were inoculated with B. cereus at a concentration of 1 ×108 CFU ml-1 

and 46 days after sowing, the seedlings were transplanted into soil enriched with solarized manure 

at the rate of 0, 40, 80 t ha-1, or with chemical fertilization (N-P-K 366-95-635). The results show 

that the application of B. cereus + 40 t ha-1 of solarized manure has a positive influence on tomato 

plants as it promoted greater height (16%), more root volume (42%) and increases in yield (20%). 
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Introduction 
 

Tomato (Solanum lycopersicum) is a widely cultivated and consumed vegetable, with a global 

production of 243 635 433 t in 2019. The main producer was China, with 125 739 004 t and 

Mexico ranked tenth, with a production of 3 441 639 t (FAOSTAT, 2021). In 2019, the state of 

Coahuila, Mexico, produced 121 579 t, with a value of MXN 816 million. In the Comarca 

Lagunera, there are 1 090 ha of greenhouses and shade houses for tomato production, generating 

a harvest of 145 769 t, with a yield of 135 t ha-1 and a value production of MXN 911 369 000 

(SIAP, 2021). 

 

The high productivity of the crop depends on the use of high amounts of chemical fertilizers, 

which has aggravated a number of problems, among them the salinization of soils in the region. 

Therefore, the use of alternatives such as biofertilization and organic fertilizers should be 

promoted. The use of biofertilizers to increase crop production has intensified in the last decade, 

considering their advantages for nutrient supply, the stimulation of plant growth and protection 

against pathogens (Ahmed et al., 2021). 

 

Beneficial microorganisms represent an option that strengthens the sustainable agriculture 

approach (Pretty et al., 2008; Bhattacharyya and Jha, 2012), because they increase yields by 

stimulating root growth and increasing the uptake of nutrients from the soil, thus contributing to 

better crop nutrition (Raffi et al., 2020). Inoculation with bacteria, among them those of the genus 

Bacillus, has improved the growth and development of tomato crops and they improve its 

nutraceutical quality (Chandrasekaran et al., 2019). 

 

On the other hand, the conversion of organic waste into compost reduces environmental pollution 

and generates a fertilizer and soil improver (Chia et al., 2020). The use of solarized bovine manure 

can provide organic matter and nutrients to the soil, improve its physical and chemical 

characteristics, and favor the microbial population present, while reducing some diseases induced 

by phytopathogenic fungi (López et al., 2014). 

 

The advantages in tomato production by using composted manure are recognized (Ravindrana et 

al., 2019) and usually increase when organic fertilizer is complemented by the activity of 

rhizobacteria (Khan et al., 2021). The present work was established with the objectives of 

characterizing a bacterium isolated from the endorhizosphere of tomato plants and evaluating its 

use alone and in combination with solarized manure to promote the growth and yield of saladette 

tomato under greenhouse conditions. 

 

Materials and methods 
 

The isolation and characterization of the bacterium was carried out in the laboratory of Microbial 

Ecology of the Faculty of Biological Sciences, UJED and the study in the greenhouse was carried 

out in the Sapioriz ejido, municipality of Lerdo, Durango, during the spring-summer 2021 

agricultural cycle. 
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Isolation of bacteria 

 

Tomato plants with remarkable characteristics in terms of yield and quality of fruits were selected, 

which came from a shade mesh located 21 km from the Torreón-San Pedro highway, Coahuila, 

Mexico, at parallel 25° 43’ 30” north latitude 103° 19’ 19” west longitude. Root samples of the 

selected plants were taken with a spatula and sterile tweezers, were placed in 15 ml Falcon tubes 

inside a container with ice they were transported to the laboratory of Microbial Ecology of the 

Faculty of Biological Sciences-UJED. 

 

For the isolation, one gram of root was weighed, washed with 70% ethanol, and rinsed with 

sterile 0.5x phosphate buffer (PBS). Subsequently, it was macerated with a sterile mortar with 

10 ml of 0.5x PBS solution, serial dilutions (10-1, 10-2 and 10-3) were performed and 100 μl 

was inoculated in Petri dishes with nitrogen-free (NFb) culture medium with congo red and 

incubated at 30 °C for 1-3 days. Once the colonies were observed, those that turned scarlet red 

were purified. Finally, a suspension of pure bacteria in 70% glycerol was prepared and stored 

at -70 °C for preservation. 

 

Identification of rhizobacteria 
 

Gram stain 

 

When the bacterium was properly purified, gram stain was performed for its observation under the 

compound microscope. 

 

Molecular analysis 

 

The identification of the bacterium was carried out by DNA extraction using the 2x CTAB 

technique, according to the method of Doyle and Doyle (1990), then partial amplification of the 

16S rRNA gene was performed by PCR using oligonucleotides 27F 

5’AGAGTTTGATCMTGGCTCAG 3’ and 1492R 5’GGTTACCTTGTTACGACTT 3’. The 

amplification program consisted of 5 min 94 °C, 35 cycles of 45 s 94 °C, 1 min 50 °C, 1 min 72 

°C and finally 5 min 72 °C. The PCR product was sent for sequencing to McLAB in San 

Francisco, CA, USA. The sequences obtained were analyzed using the BioEdit 7 program and 

were subjected to comparison using Blast (NCBI) (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to 

determine their taxonomic identity. 

 

Characterization of rhizobacteria 

 

The ability of the bacterium to produce indoleacetic acid (IAA) was determined in NFb medium 

added with L-tryptophan, using the Salkowsky technique modified and described by Bric et al. 

(1991). The concentration of IAA was quantified colorimetrically at 620 nm and compared with 

a standard curve (0.5, 5, 25, 50, 75 and 100 μg ml-1). The production of siderophores was 

determined using the Chrome azurol S (CAS) medium, (Sigma-Aldrich) (Schwyn and Neilands, 

1987). The presence of siderophores was confirmed by the formation of a clear halo around the 

bacterial colony. 
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Phosphate solubilization was determined with the National Botanical Research Institute Phosphate 

growth medium (NBRIP) (Nautiyal, 1999). The solubilization halos were measured with a digital 

vernier (Carbon Fiber Composites Digital Caliper, Industrial & Scientific) and the solubilization 

index (SI) and production index (PI) were calculated with the help of the formula SI or PI (as 

appropriate). Each of the tests was performed in triplicate. SI or PI= 
Colony diameter + solubilization halo

colony diameter
. 

 

Preparation of the inoculum for the greenhouse experiment 

 

The bacterium was reactivated in an NFb culture medium with Congo red and malic acid as the 

main carbon source. Incubation conditions were continuous stirring at 120 rpm and a temperature 

of 30 °C. Between 14 and 16 h (logarithmic phase), the bacterial concentration was determined in 

a spectrophotometer (Fisher Scientific 415 Spectro Master) by measuring the absorbance at 540 

nm. The suspension was adjusted to an absorbance of 1, equivalent to 1×106 CFU ml-1 and finally 

a concentration 1×108 CFU ml-1 was prepared to establish the treatments shown in Table 1. 

 
Table 1. Established treatments with rhizobacteria and doses of solarized manure in tomato 

plants under shade mesh conditions. 

Treatments Description 

T1= (Bc) Only bacteriaz 

T2= control Control without bacteria, without manure 

T3= (Bc)+M40 Bacteria + solarized manure (40 t ha-1) 

T4= M40 Solarized manure (40 t ha-1) 

T5= (Bc)+M80 Bacteria + solarized manure (80 t ha-1) 

T6= M80 Solarized manure (80 t ha-1) 

T7= (Bc) + FQ Bacteria + chemical fertilization 

T8= FQ Chemical fertilization 
z= the rhizobacteria was inoculated at a concentration of 108 CFU ml-1 in the corresponding treatments. 

 

Manure solarization 

 

The manure was obtained from a barn, 12 days after being evacuated by Holstein dairy cattle, fed 

with protein-rich formula consisting of 1.8 kg of broken corn, 0.9 kg of wheat bran, 0.5 kg of 

soybeans and 1.3 kg of minerals (salts of Mg++ and K+). It was covered for 90 days with transparent 

plastic (Plastic Poly Sheeting) 30 microns thick without albedo, reaching temperatures of up to 60 

±3 °C. In the end, manure showed a pH of 7.79, EC of 6.8 dS m-1, 5.35% of organic matter, total 

nitrogen of 0.86% and 0.084 mg kg-1 of NH4. Finally, the fertilizer was applied to the experimental 

site 30 days before sowing and incorporated to a depth of 30 cm. 

 

Chemical fertilization 

 

It consisted of a formula of 366 -95 -635 (N-P2O5-K2O). The fertilizers applied were urea [CO 

(NH2) 2: 46% -00% -00%], monoammonium phosphate (11% -52% -00%) and NK (12% -00% -

46%). The nitrogen was divided into three equal parts (five days before transplanting, flowering 

and fruiting) and was applied to one side of the plants. Phosphorus-based fertilizer was applied five 

days before transplantation. 
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Inoculation of tomato seeds 

 

Seed of the variety Top 2299 (Ahern Seeds®), saladette type, was washed with sterile distilled 

water to remove chemicals. Afterwards, they were immersed in 70% alcohol for 10 s, washed with 

sterile distilled water. They were immersed in 2% sodium hypochlorite for 2 min and then in sterile 

distilled water. The seeds were inoculated by immersing one gram (360 seeds g-1 ±5) in a bacterial 

suspension 1×108 CFU ml-1 for 1 min. Subsequently, the inoculated seed was placed in a 50 ml 

Kitazato flask and subjected individually to a vacuum at 600 mm Hg for 5 min. 

 

The seeds were then placed in growth containers containing a previously disinfested peat moss 

substrate. They were covered with a black rubber for 24 h. Once the emergency began, the 

containers were placed in greenhouse conditions (36 °C, RH 40% and 3 000 lux) for 45 days. The 

seedlings were inoculated at 14 and 26 days after sowing, immersing the root system in a bacterial-

based solution 1×108 CFU ml-1. 

 

Establishment in greenhouse 

 

Seedlings were selected for their good appearance and were transplanted into a soil in border strips 

10 m long and one meter wide, with a line of five plants per meter in beds one meter wide and a 

distance between beds of 1.4 m. In each bed there were 50 cm between rows of each treatment. 

The soil characteristics were: sandy-loam texture, with a pH of 6.5, EC of 1.6 dS m-1, 1.4% of 

organic matter, 10.25 mg kg-1 of total nitrogen, 10.2 ppm of NO3 and 15.16 mg kg-1 of NH4. The 

environment inside the greenhouse is shown in Table 2. 

 

Table 2. Environmental conditions (temperature, relative humidity, photosynthetically active 

radiation and average annual insolation) during the different phenological stages of 

saladette tomato production (variety TOP 2299) treated with bacteria and manure. 

Phenological stage T (°C) RH (%) PAR (meq m-2 s-1) AAI (h day-1) 

Seedling/transplantation (April) 39 ±2 < 39 540.33 13.2 

Pre-flowering (May) 39 ±3 < 42 535.22 13.3 

Flowering and fruiting (June-Julio) 37 ±3 < 50 520.32 11.5 

Harvest (August) 35 ±4 < 46 478.43 10.4 

T= temperature; RH= relative humidity; PAR= photosynthetically active radiation; AAI= average annual insolation. 

Greenhouse data. 

 

Crop management 

 

The plants were pruned after 60 days and tutored to two stems. Insect pest control included 

Beauveria bassiana, extracts of garlic and oregano. The irrigation was supplied, according to the 

phenological stage of the crop, through a surface drip system monitored with tensiometers model 

SR 24”, the Irrometer®. The water was characterized by pH of 5.2, EC of 2.5 dS m-1 and 0.23 ppm 

of NO3. The harvest began when 30 to 60% of the surface of the fruits showed a pink color, 

according to the color classification (Coromoto et al., 2018). 
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Experimental design and statistical analysis 

 

The study consisted of eight treatments that were analyzed in a randomized block experimental 

design with factorial arrangement. The response variables were plant height, root volume and yield. 

An Anova was performed followed by a Tukey test (p= 0.05). Analyses were performed using the 

SAS program. 

 

Results and discussion 
 

Identification of rhizobacteria 

 

The rhizobacterium was characterized by its shape of short bacilli, of pink color, which indicated 

that it is gram positive (Figure 1). The analysis of the sequence of the 16S rRNA gene showed high 

homology with Bacillus cereus sequences reported in the NCBI GenBank (Table 3). 

 

 

 

 

 

 

 

 

 

Figure. 1. Characteristics of the bacterium observed during gram stain showing short and pink (gram 

positive) bacilli. 

 

Table 3. Molecular identification of rhizobacteria isolated from tomato plants. 

Genus/species Sequence size (bp) Identity (%) No. Access 

Bacillus cereus 963 99.76 EU327888.1 

 

Bacteria can be important allies of plants, since some, when they are in interaction, produce various 

metabolites that stimulate or inhibit metabolic pathways that favor plant growth (Glick, 2012). In 

the particular case of tomato crop, plants benefit from their interaction with these bacteria (Noh et 

al., 2014). Coincidentally, in this work the native strain of B. cereus was found in tomato plants 

with characteristics of high yield and good fruit quality. 

 

In the tomato-B. cereus interaction, the presence of the bacterium favors the growth of the crop 

even under stressful conditions (Khan et al., 2020; Mukhtar et al., 2020) and improves its health 

due to the antagonism against important fungi such as Fusarium oxysporum and Alternaria solani 

(Karthika et al., 2020) or by modifying the radical exudates of the plants to induce control of 

Ralstonia solanacearum (Wang et al., 2019). 
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Characterization of rhizobacteria 

 

The bacterium showed the ability to produce IAA (5.9 μg ml-1) (Figure 2A) and siderophores, 

exposed by the formation of a crystalline halo around the bacterial growth, which reached 6.54 mm 

(Figure 2B). The solubilization of phosphates was detected by the formation of a halo of 5.12 

±0.702 mm around the bacterium (Figure 2C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Ability of B. cereus to produce: A) IAA in NFb medium supplemented with L-tryptophan; 

B) to produce siderophores in CAS medium; and C) to solubilize phosphates in NBRIP 

medium. 

 

The mechanisms for the promotion of plant growth by bacteria can be diverse and complex (Glick, 

2012). In the case of the native strain of B. cereus, it may be that the beneficial effects are a 

consequence of the production of growth regulators and the absorption of macro- and 

micronutrients (Beltran et al., 2020). 

 

The production of IAA is related to root development, proliferation of lateral roots and root hairs, 

which improve the absorption of water and nutrients (Spaepen et al., 2014). The production of IAA 

by rhizobacteria is well known, in addition to the fact that they stimulate plants to increase the 

endogenous production of this auxin (Haque et al., 2020). Siderophores improve the assimilation 

of minerals such as iron, zinc and copper and promote increases in stem and root length and 

biomass accumulation (Karthika et al., 2020; Zhao et al., 2020). 

 

The production of IAA and siderophores promoted important changes in the root and stem 

architecture of tomato plants, which were complemented by phosphate solubilization (Haque et al., 

2020) necessary for the regulation of various processes such as protein synthesis, enzyme activity, 

photosynthesis, and tolerance to abiotic stress (Tariq et al., 2017). 

 

A) 
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Greenhouse growth 

 

Significant differences were observed between the factors studied. Plant growth was better in the 

combination B. cereus +40 t ha-1 of solarized manure, which equaled or exceeded the growth of 

chemically fertilized plants (Table 4). The most favored variable was root volume (42%), followed 

by yield (20%) and plant height (16%). For the three variables there was interaction between the 

factor’s bacteria and solarized manure (Figure 3). 

 
Table 4. Effect of B. cereus and solarized manure and interaction on the variables plant height 

(PH), root volume (RV) and yield (Yd) of tomato plants. 

Factor Plant height (m) Root volume (ml) Yield (kg m-2) 

Solarized manure 

0 2.35 ±0.09 b 56.66 ±12.5 c 9.83 ±0.77 b 

40 3.17 ±0.35 a 97.5 ±40 a 12.20 ±1.99 a 

80 2.68 ±0.67 b 71.33 ±23 b 10.56 ±1.2 b 

Chemical fertilization 3.16 ±0.7 a 83.83 ±15 b 12.45 ±1.45 a 

Inoculation 

B. cereus 3.21 ±0.5 a 76.61 ±38.5 a 12.31 ±1.6 a 

Without B. cereus 2.74 ±0.53 b 54.33 ±24.5 b 10.07 ±1.9 b 

Bc+ Solarized manure 
 * * * 

Means of treatments ± standard deviation. For each variable, values for each factor with unequal letters are statistically 

different (Tukey p≤ 0.05); *= it indicates statistically significant interaction between bacteria and solarized manure 

(Tukey p≤ 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Interaction of B. cereus-fertilization in plant height (a); root volume (b); and yield per m2 

(c). Values 0, 40, 80= t ha-1 of manure. FQ= chemical fertilization. Different literals indicate 

a significant difference Tukey (p≤ 0.05). 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1853814976
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These results show that the growth of tomato plants was favored with the inoculation of B. cereus 

alone and in combination with solarized manure. The height of inoculated plants was higher than 

that of non-inoculated plants, as was the root volume, which improves their exploration capacity 

and enables them to assimilate more nutrients present in the soil (Khoshru et al., 2020). These 

improvements in growth led to significant increases in fruit production. 

 

Manure helps maintain nutrient availability and plant nutritional status, improves soil physical and 

chemical conditions, and increases organic matter content, which also provides organic carbon that 

favors microbial activities (Khan et al., 2021). These benefits are complemented by the ability of 

the native strain of B. cereus to produce IAA, siderophores and solubilize phosphates. 

 

Additionally, the bacteria-organic fertilizer combination causes a reduction in salinization, which 

is detrimental to the growth of the crop, so that reducing it generates conditions that interact 

positively with fruit production (Zhang et al., 2019). 

 

These authors also mention that the combined use of B. cereus with organic fertilizer usually 

improves the efficiency of nitrogen use. Likewise, in the soil manure undergoes a process of 

mineral decomposition in which B. cereus and other microorganisms participate, breaking their 

biochemical structures into simpler nitrogenous compounds from which plants take nitrogen in the 

form of NH4 and NO3 (Andrade et al., 2020). 

 

These compounds are transferred to plant tissue to be assimilated and synthesize different 

compounds and molecules, such as proteins that are essential for proper cellular functioning (Kour 

et al., 2020). In addition, both plants and microorganisms have the ability to produce phosphatase 

enzymes that typically combine to acquire P from organic forms of phosphate present in manure 

(Mpanga et al., 2018). 

 

In La Laguna, Mexico, salinity and temperature usually reach high levels, to which the tomato is 

very susceptible (Khan et al., 2020). Consequently, the search for physiochemical and biological 

strategies friendly to the environment that help the crop to grow under these conditions arises. In 

this sense, microorganisms such as B. cereus exert various beneficial effects on plants, by 

promoting growth and mitigating adverse effects of the environment (Khan et al., 2020; Mukhtar 

et al., 2020). These benefits may be greater when these bacteria are combined with organic 

fertilizers (Pishchik et al., 2018; Khan et al., 2020). 

 

Conclusions 
 

The results of this study demonstrate that the native strain of B. cereus develops mechanisms such 

as the production of indoleacetic acid and siderophores, as well as the solubilization of phosphates, 

which give it the ability to promote the growth of tomato plants by improving their aerial and root 

development that finally led it to significant increases in fruit production. 

 

The combination of this bacterium with solarized manure equalized the growth and yields of 

chemically fertilized plants, so it is feasible to consider this combination to make a biofertilizer for 

tomato cultivation. 
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