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Abstract 
 

The production of habanero pepper is mainly done with chemical fertilization, which can be 

inefficient since much of the applied fertilizer is released into the environment and can often 

become unavailable to plants. One way in which the use of chemical fertilizers can be reduced and 

the absorption of nutrients by the crop can be improved is by using biostimulants in the fertilization 

of plants. The objective of the work was to evaluate three microbial biostimulants on seeds, 

seedlings and the quality of habanero pepper fruit under protected macro tunnel conditions. The 

work was carried out in 2021 at the Tecnológico Nacional de México, Úrsulo Galván campus. The 

habanero pepper seeds used were of the Jaguar variety provided by the Cotaxtla Experimental 

Field- National Institute of Forestry, Agricultural and Livestock Research. The treatments 

evaluated were: 1) T22®+mycorrhizae INIFAP®; 2) Mix®; 3) Genifix®; and 4) control. An 

evaluation of the treatments in seed germination, growth and biomass of seedlings and quality of 

habanero pepper fruits was carried out. There were no significant differences in seed germination, 

but in height and dry weight of seedlings at 20 days after inoculation, since the seeds inoculated 

with the biostimulant Genifix were the ones that reached the highest height and dry weight. In 

terms of fruit size and weight, the plants treated with the biostimulants produced significantly larger 

and heavier fruits than the control plants. 
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Introduction 
 

Currently, the use of chemical fertilizers in agriculture is very inefficient; much of the applied 

fertilizer is released into the environment, washed out of the soil by runoff, and can often become 

unavailable to plants; through a chemical, physical or biological transformation (Sánchez et al., 

2001; Daverede et al., 2004). So, farmers need to apply more chemical fertilizer than the plant 

really needs, and the rest is often released into the environment, polluting the air and water (Vance, 

2001). In addition, the industrial production of chemical fertilizers contributes significantly to 

global CO2 emissions (Vance, 2001). 

 

The production of habanero pepper is carried out mostly with chemical fertilization (Reyes and 

Cortéz, 2017; Ramírez-Vargas et al., 2019), in various dosages, depending on the producer’s 

economic resources and in many cases without the required technical advice (Grageda-Cabrera et 

al., 2012). 

 

One way in which the use of chemical fertilizers can be reduced without harming plant nutrition 

is by improving nutrient uptake by crops by using biostimulants in plant fertilization (Halpern 

et al., 2015; Torres et al., 2016; Rodríguez-Hernández et al., 2020). Agricultural biostimulants 

are substances or microorganisms that are applied to plants with the aim of improving 

nutritional efficiency, tolerance to abiotic stress and crop quality, some of these biostimulants 

being commercial products that contain a mixture of these substances and microorganisms (du 

Jardin, 2015). Microbial biostimulants include mycorrhizal and non-mycorrhizal fungi, 

endosymbiotic bacteria, and plant growth-promoting rhizobacteria (Calvo et al., 2014; Halpern 

et al., 2015). 

 

The use of microbial biostimulants in modern agriculture has considerably increased the interest in 

studying them and knowing their effects (Calvo et al., 2014), they have been evaluated as 

stimulants of corn and beans (Hernández et al., 2017), as biostimulants in passion fruit seedlings 

(Díaz et al., 2020) and horticultural crops under conditions of abiotic stress (Bulgari et al., 2019); 

as well as plant growth promoters and sustainable management of phytoparasite nematodes 

(D’Addabbo et al., 2019). 

 

In addition, they have been evaluated in response to the agronomic characteristics of seedlings, 

plant and fruit quality in chili pepper (Candelero et al., 2015; Gamboa-Angulo et al., 2020). 

Biostimulants in horticulture need to be evaluated locally and temporarily, tools are needed to 

monitor the efficiency of biostimulants and thus define mechanisms that optimize their use. The 

objective of this work was to evaluate three microbial biostimulants on the quality of fruit and 

production of habanero pepper var. Jaguar under protected macro tunnel conditions. 

 

Materials and methods 
 

Study area 

 

The work was carried out in 2021 at the Tecnológico Nacional de México, Úrsulo Galván campus 

at the coordinates of 19° 24’ 43.12” north latitude and 96° 21’ 32.66” longitude west, located in 

the municipality of Úrsulo Galván, in the coastal central region of Veracruz. The climate of this 
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region is classified as Aw (tropical wet-dry) by the Köppen-Geiger system, defined as warm 

subhumid with rainfall in summer, with a temperature range between 24 and 26 °C and a 

precipitation range between 1 100 and 1 300 mm (INAP, 2013). 

 

Plant material 

 

The habanero pepper seeds used were of the Jaguar variety inoculated with rhizophagus provided 

by INIFAP’s Cotaxtla Experimental Field. The seeds were germinated in trays in the Cotaxtla 

Experimental Field. 

 

Biostimulants 

 

The biostimulants that were used were products based on Trichoderma spp., and nitrogen-fixing 

bacteria Bacillus spp. The treatments evaluated were: 1) T22; 2) Mix; 3) Genifix; and 4) control 

(Table 1). 

 
Table 1. Treatments used in the evaluation of biostimulants in seeds and plants of habanero 

pepper (C. chinense var. Jaguar). 

Treatments Active ingredient Enterprise Dose 

T22®+ INIFAP® 

mycorrhizae 

Trichoderma harzianum + mycorrhizae PHC and INIFAP 0.5% (w/v) 

MIX® T. harzianum, T. viride, T. asperellum, T. 

koningli 

Organisms 

beneficial 

0.5% (w/v) 

Genifix® Bacillus sp. JVN5, B. megaterium strain 

VVM1, Bacillus sp. FDMC4, B. subtilis 

strain JAG3, B. megaterium strain EAV2 

TecNM, Úrsulo 

Galván Campus 

20% (v/v) 

Control Water   

 

Evaluation of biostimulants in habanero pepper seeds. In trays with Peat Moss substrate, 100 seeds 

of habanero pepper Jaguar variety were inoculated with each of the treatments. For treatments 1 

and 2, 10 ml of T22 and Mix were applied, respectively. Treatment 3 was inoculated with 1 mL of 

Genifix. The response variables were germinated seedlings, seedling height at 20 days after 

inoculation and dry weight of seedlings (65 °C for 72 h) at 20 days after inoculation. 

 

Evaluation of biostimulants in habanero pepper plants. A macro tunnel 3 m wide by 30 m long, 

lined with anti-aphid mesh, was used. Inside the macro tunnel, two beds were built with compost 

mixed with soil and black-white mulch, the beds were 90 cm wide and 30 cm high, separated from 

each other by an alley no less than 40 cm wide, the planting frame was one plant every 25 cm, 

which gave a total of 120 plants per bed and 240 per macro tunnel. An irrigation system of four 

water outlets and 30 m of 6 000 caliber tape was used for each bed, connected to the main line with 

four bypass valves to control the irrigation of the crop. The experimental design was in randomized 

complete blocks with four repetitions. In each experimental block, the biostimulants were applied 

monthly to the soil, directed to the neck of the plant (drench). 
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Culture management consisted of the application of humic acids (10%) at 15 days after 

transplantation (DAT); through the irrigation system, at 20, 50, 90 and 120 DAT, chemical 

fertilization was applied in drench, 20 ml per plant and foliar applications of micronutrients. At 80 

DAT, boron/calcio was applied (Table 2). At 115 DAT, Bayfolan® foliar fertilizer (0.2%) was 

applied for flowering induction. 

 
Table 2. Chemical fertilization applied to the soil directed to the neck of the plant. 

Ingredient Trade name Dose 

Phosphorus/nitrate DAP + urea 1 g DAP + 1 g urea in 20 ml-1 

Micronutrients PoliQuel Foliar 2 L ha-1 in 200 L of water 

Boron/calcium Boron/calcium Foliar 2 L ha-1 in 200 L of water 

 

The fruits of four cuts, at 111, 118, 136 and 146 days, were used. The response variables were: 

height and weight of seedling at 20 days after inoculation, weight and quality of fruit (equatorial 

diameter and polar diameter) and weight of 20 fruits chosen at random by treatment. Statistical 

analysis. To compare the effect of biostimulants on the germination of habanero pepper seeds, a 

non-parametric Friedman analysis was performed and to compare the effect on seedling height, 

seedling weight, weight and fruit quality, an Anova and a Tukey’s comparison of means α= 0.05 

were performed. In addition, the cut + biostimulant interaction was also analyzed. Statistical 

analyses were performed with the InfoStat software version 2020. 

 

Results and discussion 
 

The seeds of habanero pepper treated with the biostimulants Genifix and Mix registered 94% 

germination, unlike the seeds treated with the biostimulant T22 and the control, which only 

obtained 90 and 87% germination respectively; however, these differences were not significant 

(T2= 1.16, p= 0.3254) in the Friedman statistical analysis. As for the height of the seedlings at 20 

days after inoculation, the seeds inoculated with the biostimulant Genifix were the ones that 

reached the highest height, they were significantly different (F3, 959= 405.97, p= 0.0001) from the 

seeds inoculated with the other treatments (Table 2). 

 

Seeds inoculated with the biostimulant Mix did not show significant differences in seedling height 

with respect to the control (Table 2). For the dry weight of seedlings at 20 days after inoculation, 

the seeds inoculated with the biostimulant Genifix were the ones that achieved the highest weight 

of seedlings and were significantly different (F3, 959= 18.75, p= 0.0001) from the seeds treated with 

the biostimulant T22 and the control (Table 3). 

 
Table 3. Effect of three biostimulants on the height and weight of habanero pepper seedling. 

Biostimulants Height (cm) Weight (g) 

Genifix 6.53 ±0.04 a 0.037 ±0.004 a 

Q22 6.04 ±0.12 b 0.029 ±0.001 c 

Mix 3.82 ±0.12 c 0.035 ±0.001 ab 

Control 3.68 ±0.08 c 0.032 ±0.004 bc 

CV (%) 19.01 12.02 

Means with a common letter are not significantly different (p> 0.05). 
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For the variable polar diameter of the fruit, the plants treated with the biostimulants had fruits 

significantly larger (F3, 4028=98.44, p= 0.0001) than the control plants (Table 4). When comparing 

only biostimulants, it was observed that the fruits of plants treated with the biostimulant T22 were, 

on average, larger than the fruits of plants treated with the biostimulant Mix (Table 4). The 

biostimulant Genifix did not show significant differences in relation to the other two biostimulants 

(Table 4). 

 

When analyzing the cut + biostimulant interaction, it was found that the first three cuts + any of 

the biostimulants resulted in significantly larger fruits (F9, 4028= 8.48, p= 0.0001) than the controls 

in any of the cuts. The best interaction that occurred was cut one + biostimulant T22. In the variable 

equatorial diameter of fruit, significant differences (F3, 4028= 66.82, p= 0.0001) between the 

treatments were registered; however, the results were reversed in terms of biostimulants, the fruits 

of plants treated with the biostimulant Mix were those that presented a larger equatorial diameter 

compared to the fruits of plants treated with the biostimulant Genifix (Table 4). 

 

The stimulant T22 did not obtain statistical differences in relation to the other two biostimulants 

(Table 4). When comparing the biostimulants with the control, the results were like the polar 

diameter of the fruit, since the plants treated with any of the biostimulants had wider fruits than 

those obtained in the control plants (Table 4). As for the interaction, cut two + biostimulant Mix 

was the one that generated the widest fruits and was significantly different (F9, 4028= 9.18, p= 

0.0001) from all cut + control interactions. 

 
Table 4. Effect of three biostimulants on polar diameter and equatorial diameter of habanero 

pepper fruits. 

Biostimulants Polar diameter (cm) Equatorial diameter (cm) 

T22 4.13 ±0.03 a 3.12 ±0.02 ab 

Genifix 4.03 ±0.02 ab 3.06 ±0.02 b 

Mix 3.99 ±0.02 b 3.15 ±0.02 a 

Control 3.53 ±0.03 c 2.82 ±0.02 c 

CV (%) 8.75 7.49 

Means with a common letter are not significantly different (p> 0.05). 

 

Regarding the variable weight per fruit, the plants treated with the biostimulants produced 

significantly heavier fruits (F3, 4028= 69.43, P= 0.0001) than the control plants and no statistical 

differences between the biostimulants were obtained (Table 5). The interactions of cuts one, two, 

and three + any biostimulant registered significantly heavier fruits (F9, 4028= 2.25, p= 0.0169) than 

interactions that included any cut + the control. 

 

For the sample weight of 20 fruits, the plants treated with the biostimulants Genifix and Mix 

recorded the highest sample weights and were significantly different (F3, 819= 17.9, p= 0.0001) from 

the control (Table 5). As for the interaction, cut three + biostimulant Genifix or Mix were 

significantly different (F9, 819= 3.32, p= 0.0005), with the highest sample weight of 20 fruits, from 

the controls in the four cuts. Also, the interaction cut four + biostimulant T22 had a greater sample 

weight of 20 fruits than the controls in any of the cuts. 
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Table 5. Effect of three biostimulants on weight per fruit and total weight of habanero pepper 

fruits. 

Biostimulants Weight (g) x fruit Weight (g) x 20 fruits 

T22 10.18 ±0.11 a 300.74 ±13.45 a 

Mix 10.07 ±0.1 a 305.38 ±14.44 a 

Genifix 9.98 ±0.1 a 303.75 ±13.11 a 

Control 8.27 ±0.12 b 186.83 ±13.49 b 

CV (%) 15.46 34.5 

Means with a common letter are not significantly different (p> 0.05). 

 

The results corroborate what has been reported in other studies on the positive effects of 

biostimulants based on Trichoderma spp. and Bacillus spp. in vegetables (Diánez et al., 2018; 

Gamboa-Angulo et al., 2020; Rojas-Badía et al., 2020). However, in the germination of habanero 

pepper, the results indicated a null effect of biostimulants, which may be due to the fact that some 

strains of Trichoderma or Bacillus decrease or do not have a stimulating effect on the germination 

of habanero pepper as reported by Sosa-Pech et al. (2019) for Bacillus isolates CBCC57 and 

CBFRF5, which obtained a lower germination in relation to the control. 

 

Variations in the effect of Bacillus strains on pepper germination have also been reported, 

indicating that the application of Bacillus sp. MA06 increased the germination percentage by 8%, 

but three Bacillus strains showed no significant difference from non-inoculated seeds (Luna et al., 

2013). 

 

On the other hand, Ezziyyani et al. (2004) obtained only 60% germination in pepper seeds treated 

with T. harzianum at 10 days. However, unlike these results, positive effects on the germination of 

chili pepper seeds treated with T. harzianum have also been reported, with germination percentages 

of 82 and 90.3% (Madhavi et al., 2006; Miguel-Ferrer et al., 2021) and regarding bacteria of the 

genus Bacillus, Kaymak et al. (2009) indicate that B. megaterium improved the percentage and 

germination rate in radish seeds. 

 

Also in this research, it was demonstrated with these results that the biostimulant Genifix, based 

on Bacillus bacteria, has a significant effect on the development of habanero pepper seedlings, this 

because bacteria of the genus Bacillus promote and stimulate plant growth through the synthesis 

of hormones in the plant, such as cytokinins, ethylene and gibberellins (Rojas-Solís et al., 2013); 

as well as through nitrogen and phosphorus fixation (Corrales et al., 2017; Rodríguez-Hernández 

et al., 2020). 

 

Likewise, Sosa-Pech et al. (2019) have reported that Bacillus isolates promote growth at the level 

of habanero pepper seedlings, among their treatments, CBCC57 and CBRF12 isolates promoted 

growth in plant height and leaf area. In addition, Kokalis-Burelle et al. (2002) indicated that the 

formulation LS256 (Bacillus subtilis GBO3 and B. pumilis INR7) promoted the growth of the stem, 

root and aerial part in chili pepper seedlings. For Trichoderma, Candelero et al. (2015) report 

strains that significantly improved seedling height, root length, root volume and total dry biomass 

of Capsicum chinense, which coincides with the results obtained from the biostimulant T22 in 

seedling height. 
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Regarding the quality of the fruit, the results showed that the biostimulants significantly improved 

the size and weight of the habanero pepper fruit compared to the control, which complements the 

information generated by Gamboa-Angulo et al. (2020) on the positive effects on the internal 

quality of chili pepper fruits in relation to lipid, protein and phosphorus content, when plants are 

bio-fertilized with T. harzanium and B. subtilis. There is little information on the effects of 

biostimulants on the dimensions and weight of fruits, which is necessary to establish and relate to 

nutritional characteristics. Microbial inoculants based on Rhizophagus irregularis, Pseudomonas 

spp. and Azospirillum brasilense have been evaluated in yield and fruit size of habanero pepper, 

reporting that the inoculation of Pseudomonas spp. to habanero pepper in transplantation increases 

growth, yield and fruit size (Reyes-Ramírez et al., 2014). 

 

Conclusions 
 

It was demonstrated with the results that the biostimulant Genifix had greater efficiency in 

stimulating the development of habanero pepper seedlings compared to the biostimulants T22 and 

Mix. The biostimulant T22 significantly improved the length of the habanero pepper fruits and the 

biostimulant Mix the width of the fruits. All biostimulants significantly increased the weight of 

habanero pepper fruit, without presenting significant differences between them. It is necessary to 

continue evaluating biostimulants in horticulture locally and temporarily to monitor the efficiency 

of the products and thus define mechanisms that optimize their use. 

 

Acknowledgements 
 

To the projects ‘Genetic diversity of free-living microorganisms with potential in biological 

nitrogen fixation, as a biofertilization alternative’ code 6218.19-P, ‘Evaluation of biostimulants 

and bioinsecticides under macro tunnel conditions in vegetable production’ code 10544.21-P and 

‘System of biorational production of vegetables in macro tunnel led by women’ code 14 2252, for 

the financing for the works. 

 

Cited literature 
 

Bulgari, R.; Franzoni, G. and Ferrante, A. 2019. Biostimulants application in horticultural crops 

under abiotic stress conditions. Agronomy. 9(306):1-30. https://doi.org/10.3390/agronomy 

9060306. 

Calvo, P.; Nelson, L. and Kloepper, J. W. 2014. Agricultural uses of plant biostimulants. Plant Soil. 

383(2014):3-41.  

Candelero, D. J.; Cristóbal, A. J.; Reyes, R. A.; Tun, S. J. M.; Gamboa, A. M. M. y Ruíz, S. E. 

2015. Trichoderma spp. promotoras del crecimiento en plántulas de Capsicum chinense 

Jacq. y antagónicas contra Meloidogyne incognita. ΦYTON. 84(1):113-119. 

Corrales, R. L. C.; Caycedo, L. L.; Gómez, M. M. A.; Ramos, R. S. J. y Rodríguez, T. J. N. 2017. 

Bacillus spp: una alternativa para la promoción vegetal por dos caminos enzimáticos. Nova. 

15(27):45-65. https://doi.org/10.22490/24629448.1958. 

Du-Jardin, P. 2015. Plant biostimulants: definition, concept, main categories, and regulation. Sci. 

Hortic. 196(2015):3-14. http://dx,doi.org/10.1016/j.scienta.2015.09.021. 

https://doi.org/10.3390/agronomy%209060306
https://doi.org/10.3390/agronomy%209060306
https://doi.org/10.22490/24629448.1958


Rev. Mex. Cienc. Agríc.   vol. 12   num. 8    November 12 - December 31, 2021 
 

1480 

D’Addabbo, T.; Laquale, S.; Perniola, M. and Candido, V. 2019. Biostimulants for plant growth 

promotion and sustainable management of phytoparasitic nematodes in vegetable crops. 

Agronomy. 9(616):1-10. https://doi.org/10.3390/agronomy9100616. 

Daverede, I. C.; Kravchenko, A. N.; Hoeft, R. G.; Nafziger, E. D.; Bullock, D. G.; Warren, J. J. 

and Gonzini, L. C. 2004. Phosphorus runoff from incorporated and surface-applied liquid 

swine manure and phosphorus fertilizer. J. Environ. Quality. 33(4):1535-1544. 

https://doi.org/10.2134/jeq2004.1535. 

Diánez, F.; Santos, M.; Carretero, F. and Marín, F. 2018. Biostimulant activity of trichoderma 

saturnisporum in melon (Cucumis melo). HortScience. 53(6):810-815. https://doi.org/ 

10.21273/hortsci13006-18. 

Díaz, G.; Rodríguez, G.; Montana, L.; Miranda, T.; Basso, C. y Arcia, M. 2020. Efecto de la 

aplicación de bioestimulantes y Trichoderma sobre el crecimiento en plántulas de maracuyá 

(Passiflora edulis Sims) en vivero. Bioagro. 32(3):195-204. https://revistas.uclave.org/ 

index.php/bioagro/article/view/2787. 

Ezziyyani, M.; Sánchez, C. P.; Ahmed, A. S.; Requena, M. E. y Castillo, M. E. C. 2004. 

Trichoderma harzianum como biofungicida para el biocontrol de Phytophthora capsici en 

plantas de pimiento (Capsicum annuum L.). Anales de Biología. 26:35-45. 

https://revistas.um.es/analesbio/article/view/30441. 

Gamboa-Angulo, J.; Ruíz-Sánchez, E.; Alvarado-López, C.; Gutiérrez-Miceli, F.; Ruíz-

Valdiviezo, V. M. y Medina-Dzul, K. 2020. Efecto de biofertilizantes microbianos en las 

características agronómicas de la planta y calidad del fruto del chile xcat´ik (Capsicum 

annuum L.). Terra Latinoam. 38(4):817-826. https://doi.org/10.28940/terra.v38i4.716. 

Grageda-Cabrera, O. A.; Díaz-Franco, A.; Peña-Cabriales, J. J. y Vera-Núñez, J. A. 2012. Impacto 

de los biofertilizantes en la agricultura. Rev. Mex. Cienc. Agríc. 3(6):1261-1274. 

Halpern, M.; Bar-Tal, A.; Ofek, M.; Minz, D.; Muller, T. and Yermiyahu, U. 2015. The use of 

biostimulants for enhancing nutrient uptake. In: advances in agronomy. Sparks, D. L. (Ed.). 

Vol. 129. Elsevier Inc. Netherlands. 141-174 pp. https://doi.org/10.1016/bs.agron. 

2014.10.001. 

Hernández, M. S.; Novo, S. R.; Mesa, P. M. A.; Ibarra, M. A. y Hernández, R. D. 2017. Capacidad 

de Trichoderma spp. como estimulante de la germinación en maíz (Zea mays L.) y frijol 

(Phaseolus vulgaris L.). Rev. Gest. Con. Des. Loc. 4(1):19-23. 

Kaymak, H. C.; Guvenc, I.; Yarali, F. and Donmez, M. F. 2009. The effects of bio-priming with 

PGPR on germination of radish (Raphanus sativus L.) seeds under saline conditions. 

Turkish J. Agric. Fores. 33(2):173-179. https://doi:10.3906/tar-0806-30. 

Kokalis-Burelle, K.; 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 and Soil. 238:257-266. 

https://doi.org/10.1023/A:1014464716261. 

Luna, M. L.; Martínez, P. R. A.; Hernández, I. M.; Arvizu, M. S. M. y Pacheco, A. J. R. 2013. 

Caracterización de rizobacterias aisladas de tomate y su efecto en el crecimiento de tomate 

y pimiento. Rev. Fitotec. Mex. 36(1):63-69. 

Madhavi, M.; Kumar, C. P. C.; Reddy, D. R. R. and Singht, T. K. 2006. Integrated management of 

wilt of chilli incited by Fusarium solani. Ind. J. Plant Protec. 34(2):225-228. 

Miguel-Ferrer, L.; Romero-Arenas, O.; Andrade-Hoyos, P.; Sánchez-Morales, P. and Rivera-

Tapia, J. A. 2021. Antifungal activity of Trichoderma harzianum and T. koningiopsis 

against Fusarium solani in seed germination and vigor of Miahuateco chili seedlings. Rev. 

Mex Fitopatol. 39(2):228-247. 

https://doi.org/10.3390/agronomy9100616
https://doi.org/10.2134/jeq2004.1535
https://doi.org/%2010.21273/hortsci13006-18
https://doi.org/%2010.21273/hortsci13006-18
https://revistas.uclave.org/%20index.php/bioagro/article/view/2787
https://revistas.uclave.org/%20index.php/bioagro/article/view/2787
https://revistas.um.es/analesbio/article/view/30441
https://doi.org/10.28940/terra.v38i4.716
https://doi.org/10.1016/bs.agron.%202014.10.001
https://doi.org/10.1016/bs.agron.%202014.10.001
https://doi:10.3906/tar-0806-30
https://doi.org/10.1023/A:1014464716261


Rev. Mex. Cienc. Agríc.   vol. 12   num. 8    November 12 - December 31, 2021 
 

1481 

Ramírez-Vargas, B. A.; Carrillo-Ávila, E.; Obrador-Olán, J. J.; Coh-Méndez, D.; Monsalvo-

Espinosa, A. y Aceves-Navarro, E. 2019. Aplicación del modelo simplificado para estimar 

dosis sustentables de fertilización fosforada en el cultivo de chile habanero (Capsicum 

chinense Jacq.). Investigación y Ciencia. 27(78):23-33. 

Reyes, G. y Cortéz, D. 2017. Intensidad en el uso de fertilizantes en América Latina y el Caribe 

(2006-2012). Bioagro. 29(1): 45-52. 

Reyes-Ramírez, A.; López-Arcos, M.; Ruiz-Sánchez, E.; Latournerie-Moreno, L.; Pérez-Gutiérrez, 

A.; Lozano-Contreras, M. G. y Zavala-León, M. J. 2014. Efectividad de inoculantes 

microbianos en el crecimiento y productividad de chile habanero (Capsicum chinense 

Jacq.). Agrociencia. 48(3):285-294. 

Rodríguez-Hernández, M. G.; Gallegos-Robles, M. Á.; Rodríguez-Sifuentes, L.; Fortis-Hernández, 

M.; Luna-Ortega, J. G. y González-Salas, U. 2020. Cepas nativas de Bacillus spp. como 

una alternativa sostenible en el rendimiento de forraje de maíz. Terra Latinoam. 38(2):313-

321. https://doi.org/10.28940/terra.v38i2.690. 

Rojas-Badía, M. M.; Bello-González, M. A.; Ríos-Rocafull, Y.; Lugo-Moya, D. y Rodríguez, S. J. 

2020. Utilización de cepas de Bacillus como promotores de crecimiento en hortalizas 

comerciales. Acta Agron. 69(1):54-60. https://doi.org/10.15446/acag.v69n1.79606. 

Rojas-Solís, D.; Contreras-Pérez, M. y Santoyo, G. 2013. Mecanismos de estimulación del 

crecimiento vegetal en bacterias del género Bacillus. Biológicas. 15(2):36-41. 

Sánchez, L.; Dıez, J. A.; Vallejo, A. and Cartagena, M. C., 2001. Denitrification losses from 

irrigated crops in central Spain. Soil Biol. Beachem. 33(9):1201-1209. https://doi.org/ 

10.1016/S0038-0717(01)00024-4. 

Sosa-Pech, M.; Ruiz-Sánchez, E.; Tun-Suárez, J. M.; Pinzón-López, L. L. y Reyes-Ramírez, A. 

2019. Germinación, crecimiento y producción de glucanasas en Capsicum chinense Jacq. 

Inoculadas con Bacillus spp. Ecosistemas y Recursos Agropecuarios. 6(16):137-143. 

https://doi.org/10.19136/era.a6n16.1801. 

Torres, R. J. A.; Reyes, P. J. J. y González, R. J. C. 2016. Efecto de un bioestimulante natural sobre 

algunos parámetros de calidad en plántulas de tomate (Solanum lycopersicum, L.) bajo 

condiciones de salinidad. Biotecnia. 18(2):11-15. https://doi.org/10.18633/bt.v18i2.274. 

Vance, C. P. 2001. Symbiotic nitrogen fixation and phosphorus acquisition. Plant nutrition in a 

world of declining renewable resources. Plant Physiol. 127(2):390-397. 

https://doi.org/10.1104/pp.010331. 

https://doi.org/10.28940/terra.v38i2.690
https://doi.org/10.15446/acag.v69n1.79606
https://doi.org/%2010.1016/S0038-0717(01)00024-4
https://doi.org/%2010.1016/S0038-0717(01)00024-4
https://doi.org/10.19136/era.a6n16.1801
https://doi.org/10.18633/bt.v18i2.274
https://doi.org/10.1104/pp.010331

