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ABSTRACT 

 
Microbial populations carry out important processes and benefits for plants, including 
direct activities such as biological nitrogen fixation, phosphate solubilisation, production 
of indole acetic acid, production of ACC deaminase and siderophores. This study aimed to 
evaluate the plant growth promoting effect on Capsicum annuum L. of the fungi 
Trichoderma sp, Bacillus cereus and organic biofertiliser. The evaluations were carried 
out under greenhouse conditions in which suspensions prepared from Trichoderma sp, and 
Bacillus cereus and organic bio-input were applied as suspensions, which were applied on 
seedlings of Capsicum annuum. The variables evaluated were plant length, dry weight of 
the parts areas, root length, dry weight of the root and stem diameter. The highest values 
found for the variables evaluated corresponded to the organic bio-input, followed by the 
bio-input prepared with Trichoderma sp fungus strains and finally the suspension with 
Bacillus cereus bacteria. 
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1. INTRODUCTION 

As stated by (Pazos-Rojas et al., (2016), in Colombia, the agricultural sector is characterized 

by the trend towards monoculture, which requires a high demand for nutrients, minerals and 

biomass production, which is determined by the demand for nitrogen (N), on which in turn 

the demand for other macronutrients depends. Nitrogen is the main nutritional limiting factor 

in crops, because its source in the soil is organic matter, which mineralizes only 1 to 3% of 
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total nitrogen per year. Similarly, another important nutrient for development is phosphorus 

(P), which is found in the soil as a soluble form in low concentrations, varying its content in 

the soil up to depletion in acid soils. 

 

There is a need to amend soils to correct the deficiency of the element phosphorus in order 

to obtain a response to nitrogen. This forces producers in the agricultural sector to intensify 

the use of fertilizers and chemical products to increase plant yields, but their indiscriminate 

use has had adverse effects on the environment (Pazos-Rojas et al., 2016). 

 

Likewise, according to Jiménez, (2011), the agricultural sector has become one of the main 

producers of pollution, degrading the physicochemical and biological properties of the soil, 

due to the indiscriminate use of chemical fertilizers, which are highly toxic, altering microbial 

communities, contaminating surface and groundwater, and polluting the environment. 

 

As pointed out by Bashan et al. (2014), current trends in agriculture propose a sustainable 

and environmentally friendly production system that minimizes the use of agrochemicals and 

increases productivity in the agricultural sector. The use of biofertilisers or bio inoculants 

and plant growth promoting microorganisms (PGPM) play a fundamental role, as their 

functions in various biological processes have the ability to positively affect plant growth, 

their interactions in the rhizosphere with the roots provide nutrients or protection in various 

environments. 

 

Babu et al, (2014), show that among the key beneficial microorganisms in the rhizosphere, 

fungi of the genus Trichoderma, a cosmopolitan filamentous microorganism characterized 

by inhabiting soils and decaying wood, have proven to be a biotechnological tool presenting 

great benefits for agriculture, Among these are growth-promoting activity from siderophore 

production, phosphate solubilisation, 1-aminocyclopropane-1-carboxylic acid (ACC) 

deaminase, indole acetic acid (IAA), phytase activity and acid phosphatase under biotic or 

abiotic stress. 

 

Similarly, Velasco-Jiménez et al., (2020), point out that rhizobacteria establish root- 

rhizosphere relationships in which the parties involved have developed abilities that allow 

adaptation, promoting plant development through biological nitrogen fixation, phosphate 

solubilisation, plant defensive response against pathogen attacks and abiotic stress sources. 

 

According to Mediana et al. (2010), organic fertilizers are a crucial element for the regulation 

of many processes related to agricultural productivity; their main functions are well known, 

such as substrate or growing medium, cover or mulch, maintenance of the original levels of 

soil organic matter and complement or replacement of synthetic fertilizers; this last aspect is 

of great importance, due to the boom in their implementation in clean and ecological 

production systems. According to Libreros, (2012), organic fertilizers are the material 

resulting from the natural decomposition of organic matter by the action of microorganisms 

present in the environment, which digest the materials, transforming them into other 

beneficial materials that provide nutrients to the soil and, therefore, to the plants growing in 

the soil. It is a controlled and accelerated process of waste decomposition, which can be 

aerobic or anaerobic, resulting in a stable product of high value as a soil improver. 
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Taking into account the importance of the use of microbial and organic bio-inputs to improve 

soil conditions and the promotion of plant growth, as well as the implementation of 

environmentally friendly technologies, it was proposed to evaluate the effect on the 

promotion of growth and yield of Capsicum annuum L. using three treatments, two with 

microorganisms (a fungus and a bacterium) and an organic fertilizer prepared with 

microorganisms and organic plant residues. 

 

 

 

2. MATERIALS AND METHODS 

 

Fungus as a bio input. The fungus Trichoderma spp. used corresponds to the collection of 

the genomic bank of the microbiological research laboratory of the University of Sucre, 

which was isolated from soils from avocado crops in the municipality of Chalán, Sucre, 

Colombia, in the Microbiological Research Laboratory of the University of Sucre. 

A stock solution of conidia was prepared from the Trichoderma spp. strain, by adding 10 ml 

of sterile distilled water to a 15-day incubation culture, for which the mycelium was scraped 

with a triangular loop to release as many spores as possible. The volume of the wash was 

then recovered in a 50 ml falcon tube using a 1000 ml micropipette and passed through sterile 

gauze to remove any remaining medium and mycelium from the solution. The spores were 

counted in a neubauer chamber and the volume and concentration required for inoculation 

were calculated. 

 

 

Bacteria as bio input. The rhizobacterium identified as Bacillus cereus, obtained and 

purified from the germplasm bank of the Microbiological Research Laboratory of the 

University of Sucre, was used. The bacterial inoculum was prepared from culture stored at - 

20°C in nutrient broth with 15% glycerol, the bacteria were seeded by exhaustion and 

incubated for 24 hours at 30°C, after which time the purity of the bacteria was verified (figure 

2). Inoculate were prepared in LB broth for 24 hours, a colony of the strain to be evaluated 

was taken and inoculated in a 150 ml Erlenmeyer flask for 24 hours with agitation at 150 

rpm, then centrifuged at 7000 rpm for 5 minutes. The biomass was then resuspended in sterile 

distilled water until bacterial suspensions were obtained with a concentration equivalent to 

an absorbance of 0.2 ± 0.05 at 600 nm, which corresponds to approximately 1x 108 colony 

forming units (CFU) per mL (Zapata and Vélez, 2011). 

Organic fertilizer (soil conditioner). The preparation of the soil conditioner followed the 

scheme as shown in figure 1. The volume of organic fertilizer used (20 mL of biofertiliser in 

one litre of distilled water). The form of supply consisted of applying directly to the soil 

around the roots of the seedlings sown. 
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Figure 1. Schematic of the soil conditioner (organic fertilizer) preparation process. 

Greenhouse test. Commercial chilli pepper seeds were used, which underwent a surface 

disinfection process consisting of 3 washes with sterile distilled water, then left for 6 minutes 

in 6% hypochlorite, then rinsed with sterile distilled water twice, followed by washing with 

70% ethyl alcohol for 6 minutes and finally rinsed four times with sterile distilled water until 

the remains of fungicide and disinfectants were eliminated. They were soaked for 24 hours 

in sterile distilled water and dried under the air of a laminar flow cabinet. The seeds were 

sown in 4 kg bags of fertilized soil per treatment, following the instructions given by Guigón- 

López et al. 

Experimental design. The amount of inoculum used was: Trichoderma sp (108 spores/mL) 

and Bacillus cereus (108 CFU/mL). The inoculation of the microorganisms was carried out 

by spraying 1 ml of the culture of microorganisms per seedling. Five replicates and 10 

experimental units were used for a total of 50 experimental units for each treatment evaluated. 

To maintain sufficient humidity, periodic irrigation with running water was applied to each 

of the seeds (Rojas-Badía et al., 2020) and weekly diagnostics of pests and diseases were 

carried out. 

 

Parameters to evaluate. Data were taken 60 days after sowing the experiment, the 

measurable variables were: plant length, root length, foliage dry weight and fruit weight 

(Guigón-López et al., 2004). 

 

Analysis of results. The Shapiro-Wilk test (p-value≥0.05) was used for the growth 

promotion and production variables to establish whether the data are normal. Then, an 

analysis was applied according to the result of the Shapiro-Wilk test, the ANOVA test was 

used if the data are normally distributed and if they are not normally distributed the Kruskal- 

Wallis test was used and the significant statistical differences were found with the Tukey 
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rank multiple test, with this method there is a risk of 5.0% when saying that each pair of 

means is significantly different, when the real difference is equal to 0. 

 

 

3. RESULTDS AND DISCUSSION 

The results of the variable plant height are shown in figure 2. It is observed that the seedlings 

that showed greater height corresponded to the treatments where the inoculum with the 

fungus Trichoderma sp. was applied, followed by the treatment with soil conditioner and 

Bacillus cereus. When comparing the results of the treatments used, a significant difference 

was observed with the control, indicating that the microbial and organic bio supplies provide 

nutrients to the soil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Plant height results by treatments in different phenological periods of the crop. 

 

 

Figure 3 shows the results of root length of chilli pepper seedlings in three phenological 

periods of the crop. The figure shows that the treatments with soil conditioner showed greater 

promotion of root growth, followed by Trichoderma sp. and Bacillus cereus, compared to the 

control where no organic or microbial fertilizer was applied. 
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Figure 3. Root length results by treatments in different phenological periods of the crop. 

 

 

Figure 4 shows the results of the dry weight of the foliage evaluated 60 days after the start 

of the experiment. The results show that the treatment with Bacillus cereus showed the 

highest dry weight in foliage followed by Trichoderma sp. and the soil conditioner 

compared to the control where the lowest dry matter yield in foliage was presented. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Results of the variable dry weight of foliage by treatment. 

Figure 5 shows the results of the fruit weight of chilli peppers, showing that the treatment 

with soil conditioner presented the highest value of fruit weight, followed by Bacillus cereus 

and in third place the treatment with Trichoderma sp. The results also show that the control 

presented the lowest values of fruit weight. 
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Figure 5. Results of the fruit weight variable by treatment. 

 

 

As stated by Puentes et al., (2010), in nature there are microorganisms that favor root 

development, the fixation of atmospheric N, the solubilisation of soil P and the production 

of secondary metabolites, directly influencing the availability of nutrients and the stimulation 

of plant growth, which supports the results obtained in this study, where statistically 

significant differences were observed for the variables evaluated with respect to the 

treatments where microbial bio inputs were used with respect to the control. 

 

All variables showed statistically significant differences between treatments, with the soil 

conditioner treatment showing the best results, positively affecting the overall growth of C. 

annuum seedlings. The soil conditioner, a combination of fermented biosolids with beneficial 

soil microorganisms, plays an important role in protecting the plant against pathogens, which 

improves crop yields and protects soil quality. 

 

 

As reported by Romero (2012), organic fertilizers are composed of beneficial 

microorganisms, phosphorus, potassium, calcium, sulphur, zinc, organic carbon and other 

elements that have been as primary soil elements and it is emphasized that these minerals 

generated by the bio digestion of animals become potential fertilizer elements that help in all 

plant processes, Furthermore, Warnars and Oppenoorth (2014) indicate that this type of 

organic biofertiliser returns nutrients to the soil, thus achieving more fertile soils and favoring 

sustainable production. 

 

The second most favourable treatment for the plants was that of Trichoderma sp, which, 

although it showed lower results for the variable weight compared to the soil conditioner, 

showed greater efficiency in the length of the plants with respect to the treatment with 

Bacillus cereus and significant differences with respect to the control. Trichoderma sp, this 

fungus helps the plant to have a better solubilisation of phosphate, micronutrients, cations 

and minerals, which the plant uses for its metabolism, thus increasing its root biomass, in 
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addition, they produce secondary metabolites that fulfil the hormonal functions of auxins, 

which produces rapid growth and optimal performance (Tucci et al., 2011; Vinale et al., 

2008). In addition, the Trichoderma genus possesses antagonistic mechanisms such as 

antibiosis, competition for space and nutrients, micro parasitism, stimulation of plant growth 

and induction of resistance, thanks to which they have potential in the sustainable 

development of agriculture, helping plant development in both nutrition and protection 

(Companioni González et al., 2019). 

 

The treatment with Bacillus cereus showed lower results than the treatments with the soil 

conditioner and Trichoderma sp, however, Bacillus cereus compared to Trichoderma sp did 

not show statistically significant differences in any of the evaluated variables, but it did show 

significant differences compared to the control. Bacillus cereus stimulated the dry weight of 

the foliage compared to the other treatments and the control. This is because it has been 

shown that these bacteria have characteristics as plant growth promoters and are also 

antagonists of phytopathogens (Govelak et al., 2015). For the Bacillus cereus treatment, it 

was able to show better results, but there are factors that generally affect the bacteria when 

they are inoculated, after inoculation into the soil without a suitable carrier, the bacterial 

population decreases rapidly for most PGPB species. 

 

The Bacillus genus is important for its broad physiological diversity profile (Restrepo-Franco 

et al., 2015). In the literature we can find several studies that agree with the results obtained, 

such as Kaymak et al. (2010), De Araujo et al. (2012) and Rojas-Badía et al. (2020) agree 

that Bacillus sp strains increased plant growth compared to the control, thanks to their 

physiological capabilities, so they can be used as growth-promoting microorganisms; 

likewise, the study by Chamorro-Anaya et al. (2020), report that the strain Bacillus cereus, 

proved to have growth-promoting activity, as they produce siderophores, fix nitrogen, 

solubilize phosphate and there is also ACC deaminase activity, factors that help plant growth. 

 

The results of this study reflect the importance of microorganisms and the use of organic 

matter to help optimize the plant growth process, as all the treatments showed differences 

compared to the control in at least one of the variables. These alternatives can not only help 

improve crop yields, but also correct nutritional deficiencies in soils, increasing their fertility 

and minimizing the environmental impact of chemical fertilizers (Amparo, 2016). 

 

 

4. CONCLUSION 

The response variables plant height, root length, foliage dry weight and fruit weight showed 

the greatest increase in the present study, which indicates the importance of the fungus 

Trichoderma sp. and Bacillus cereus and the soil conditioner for the promotion of growth of 

seedlings of Capsicum annuum L. The treatment with organic bio input is a soil conditioner 

that activates the beneficial microbiota, offering a boost to crop productivity. Its formula 

includes fulvic and humic acids, which allows greater water absorption and nutrient retention, 

thus providing efficiency in its application with a lower dosage required. This innovative 

technology can be applied both foliar and soil, further enhancing uptake and efficacy. 
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In addition to the results obtained in this study, the soil conditioner has the capacity to restore 

the soil microbiota, which facilitates the mobilization of nutrients, promoting a more 

effective recovery for future sowings. It is important to note that this product is made from 

organic materials, guaranteeing nature-friendly agriculture. 

 

5. ACKNOWLEDGEMENTS 

The authors would like to thank the University of Sucre for their support in obtaining the 

results of this work. 

6. AUTHOR CONTRIBUTION. Alexander Perez Cordero: experiment execution, data 

analysis. Donicer Montes V and Yelitza Aguas M, conceptualization, writing - revision and 

editing. All authors have read and approved the manuscript. 

7. CONFLICT OF INTEREST. All the authors of the manuscript declare that they have no 

conflictof interest 

. 

 

REFERENCES 

 

1. Al-Snafi, A. E. (2015). The pharmacological importance of Capsicum species 

(Capsicum annuum and Capsicum frutescens) grown in Iraq. Journal of 

Pharmaceutical Biology, 5(3): 124-142. 

2. Angulo-Cortés, J. P., García-Díaz, A., Pedroza, A. M., Martínez-Salgado, M. M., & 

Gutiérrez-Romero, V. (2012). Diseño de un medio para la producción de un co־ 

cultivo de bacterias fosfato solubilizadoras con actividad fosfatasa. Universitas 

Scientiarum, 17(1): 43-52. 

3. Antoun, H., & Prévost, D. (2006). PGPR: biocontrol and biofertilization. Ecology of 

plant growth promoting rhizobacteria Netherlands: Springer, 1-38. 

4. Armenta-Bojórquez, Adolfo Dagoberto, et al. "Biofertilizantes en el desarrollo 

agrícola de México." Ra Ximhai 6.1 (2010): 51-56. 

5. Babu, A. G., Shim, J., Bang, K. S., Shea, P. J., & Oh, B. T. (2014). Trichoderma 

virens PDR-28: a heavy metal-tolerant and plant growth-promoting fungus for 

remediation and bioenergy crop production on mine tailing soil. Journal of 

Environmental Management, 132, 129-134. 

6. Bashan, Y., de-Bashan, L. E., Prabhu, S. R., & Hernandez, J. P. (2014). Advances in 

plant growth-promoting bacterial inoculant technology: formulations and practical 

perspectives (1998–2013). Plant and soil, 378(1), 1-33. 

7. Bosland, P. W., & Votava, E. J. (2000). Peppers: vegetable and spice capsicums. crop 

production science in horticulture. Peppers: Vegetable And Spice Capsicums 

(Wallingford, CT: CAB International Publishing;), 204. 

8. Chamorro-Anaya, L. M., Chamorro-Anaya, L. M., & Pérez Cordero, A. (2020). 

Bacillus cereus, bacteria endófita promotora de crecimiento vegetal. Revista 

Colombiana de Biotecnología, 22(2), 18-23. 



Effects of microbial and organic bio inputs on growth and yield of 

vegetables of economic interest 

70 

 

 

 

9. Cotrina-Cabello, V. R., Alejos-Patiño, I. W., Cotrina-Cabello, G. G., Córdova- 

Mendoza, P., & Córdova-Barrios, I. C. (2020). Efecto de abonos orgánicos en suelo 

agrícola de Purupampa Panao, Perú. Centro Agrícola, 47(2), 31-40. 

 

10. Guigón-López, C., González-González, P., 2004. Selección de cepas nativas de 

Trichoderma sp. con actividad antagónica sobre Phytophthora capsici Leonian y 

promotoras de crecimiento en el cultivo de chile (Capsicum annuum L.). Revista 

Mexicana de Fitopatología. 22(1), 117-124. 

11. Goswami, D., Thakker, J. N., & Dhandhukia, P. C. (2016). Portraying mechanics of 

plangrowth promoting rhizobacteria (PGPR): a review. Cogent Food & Agriculture, 

2(1), 1127500. 

12. Grobelak, A., Napora, A. y Kacprzak, M.2015. Using plant growth-promoting 

rhizobacteria (PGPR) to improve plant growth. Ecological Engineering. 84: 22-8. 

DOI: 10.1016/j.ecoleng.2015.07.019 

13. Grover, M., Bodhankar, S., Sharma, A., Sharma, P., Singh, J., & Nain, L. (2021). 

PGPR mediated alterations in root traits: Way toward sustainable crop production. 

Frontiers in Sustainable Food Systems, 287. 

14. Hoyos-Carvajal, L., & Bissett, J. (2011). Biodiversity of Trichoderma in neotropics. 

The dynamical processes of biodiversity-case studies of evolution and spatial 

distribution. InTech, 303-320. 

 

15. Izzeddin N., y L. Medina. 2011. Efecto del control biológico por antagonistas sobre 

fitopatógenos en vegetales de consumo humano. Salus 15: 8-12. 

 

16. Libreros, S. S. La caña de azúcar fuente de energía: Compostaje de residuos 

industriales en Colombia. Tecnicaña, 2012, vol. 28, pp. 13-14. ISSN 0123-0409. 

 

 

17. Medina, L. A.; Monsalve, Ó. I. y Forero, A. F. Aspectos prácticos para utilizar materia 

orgánica en cultivos hortícolas. Ciencias Hortícolas, 2010, vol. 4, no. 1, pp. 109-125. 

ISSN 2011-2173. 

 

18. Rojas-Badía, M. M., Bello-González, M. A., Ríos-Rocajull, Y., Lugo-Moya, D., & 

Rodríguez-Sánchez, J. (2020). Utilización de cepas de Bacillus como promotores de 

crecimiento en hortalizas comerciales. Acta Agronómica, 69(1), 54-60. 

19. Saber, W. I., Ghoneem, K. M., Rashad, Y. M., & Al-Askar, A. A. (2017). 

Trichoderma harzianum WKY1: an indole acetic acid producer for growth 

improvement and anthracnose disease control in sorghum. Biocontrol Science and 

Technology, 27(5), 654-676. 

20. Sandheep, A. R., Asok, A. K., & Jisha, M. S. (2013). Combined inoculation of 

Pseudomonas fluorescens and Trichoderma harzianum for enhancing plant growth of 

vanilla (Vanilla planifolia). Pak J Biol Sci, 16(12), 580-584. 

21. Sgroy, V., Cassán, F., Masciarelli, O., Del Papa, M. F., Lagares, A., & Luna, V. 

(2009). Isolation and characterization of endophytic plant growth-promoting (PGPB) 



Donicer E. Montes Vergara1, Yelitza Aguas Mendoza2 

Alexander Pérez Cordero3* 

71 

 

 

 

 

or stress homeostasis-regulating (PSHB) bacteria associated to the halophyte 

Prosopis strombulifera. ApplIed microbiology and Biotechnology, 85(2), 371-381 

22. Siddikee, M. A., Chauhan, P. S., Anandham, R., Han, G. H., & Sa, T. M. (2010). 

Isolation, characterization, and use for plant growth promotion under salt stress, of 

ACC deaminase-producing halotolerant bacteria derived from coastal soil. Journal of 

Microbiology and Biotechnology, 20(11), 1577-1584. 

23. Stringlis, I. A., Proietti, S., Hickman, R., Van Verk, M. C., Zamioudis, C., & Pieterse, 

C. M. (2018). Root transcriptional dynamics induced by beneficial rhizobacteria and 

microbial immune elicitors reveal signatures of adaptation to mutualists. The Plant 

Journal, 93(1), 166-180. 

24. Tucci, M., Ruocco, M., De Masi, L., De Palma, M., & Lorito, M. 2011. The beneficial 

effect of Trichoderma spp. on tomato is modulated by the plant genotype. Molecular 

Plant Pathology, 12(4), 341-354. 

25. Tejera-Hernández, B., Rojas-Badía, M. M., & Heydrich-Pérez, M. (2011). 

Potencialidades del género Bacillus en la promoción del crecimiento vegetal y el 

control biológico de hongos fitopatógenos. Revista CENIC. Ciencias Biológicas, 

42(3), 131-138. 

26. Vinale, F., Sivasithamparam, K., Ghisalberti, E., Marra, R., Barbetti, M., Li, H., Woo, 

S., Lorito, M. 2008. A novel role for Trichoderma secondary metabolites in the 

interactions with plants. Physiol. Mol. Plant Pathol. 72, 80-86. 

27. Velasco-Jiménez, A., Castellanos-Hernández, O., Acevedo-Hernández, G., Aarland, 

R. C., & Rodríguez-Sahagún, A. (2020). Bacterias rizosféricas con beneficios 

potenciales en la agricultura. Terra Latinoamericana, 38(2), 333-345. 

28. Vessey, J. K. (2003). Plant growth promoting rhizobacteria as biofertilizers. Plant 

and soil, 255(2), 571-586. 

29. Warnars, L., & Oppenoorth, H. (2014). Estudio sobre el biol, sus usos y resultados. 

Hivos people unlimited. 

30. Zapata, N. M. V. F., & Vélez, D. U. (2011). Determinación de la infección de 

Burkholderia glumae en semillas de variedades comerciales colombianas de arroz. 

Revista Facultad Nacional de Agronomía Medellín, 64(2). 

31. Zamora F. 2008. Evaluación de cinco fuentes orgánicas sobre el desarrollo vegetativo 

y rendimiento del cultivo de papa. Agronomía Trop. 58(3), Maracay. 


