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Horticultural Crops to Biotic and Abiotic Stress” 

 

 
INTRODUCTION 

 
The plant microbiome has emerged as a key factor in crop health and resilience, 

playing a fundamental role in the mitigation of biotic and abiotic stresses. This article 

delves into innovative strategies that capitalise on the microbiome to strengthen 

the capacity of plants, enabling them to resist and recover more effectively. By 

exploring the complex interactions between plants and their associated 

microorganisms, promising approaches to boost crop resistance are identified. 

Strategies such as selective optimisation of the microbiome aim to improve plant 

tolerance to adverse environmental conditions. 

 
For more than 30 years, TRICHODEX has stood out for its investment in R&D&I and 

quality. We seek solutions for advanced and sustainable agriculture through 

environmentally friendly biotechnological products. The combination of TRICHODEX 

biotechnology with Fertiberia Group’s innovative product development will provide 

farmers with cutting-edge sustainable tools to improve their crops. 

 
Our perseverance drives us to continuously find new agricultural solutions, backed 

by a rigorous process from the laboratory to the field. We focus our efforts on 

developing microbiome-based solutions for plant protection and 

biostimulation. Our innovative processes are based on biotechnology as the 

backbone of our production. Consequently, this high degree of industrial 

technification brings unique qualities to our products, where fermentation and FPB® 

and MAMPS® technologies provide a differential added value. Our objective is to 

establish the physiological balance of crops in order to maximise the genetic 

potential of plants and increase yields. 
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Climate change is the most important environmental issue of the 21st century. In 

the coming years, its impact will extend to all agricultural areas, generating 

enormous economic losses. It is estimated that losses will exceed 56 billion Euros 

across the European Union (Eurostat, 2021). 

 

 
*Image in Spanish 

 

Figure 1. Economic losses due to climate change (in millions of Euros) 

Source:https://red2030.com/la-sequia-economica-de-la-desertificacion/ 

 

 

Moreover, the global lack of water resources, coupled with soil salinisation, are 

abiotic elements that are restricting crop yields and causing agricultural land 

degradation. At least 100 million hectares of healthy, productive land are 

degraded every year globally (United Nations, 2019), which is equivalent to twice 

the size of Greenland and will directly affect the lives of 1.3 billion people 

(Figure 2). 
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Figure 2. Proportion of degraded land in global land area (2019) Source: 

https://data.unccd.int/land-degradation 

 

1. IMPORTANCE OF THE MICROBIOME IN PLANT HEALTH. 
 
 
The plant microbiome is made up of a range of microorganisms that communicate in 

complex ways with the plant, interacting with its various structures, i.e. roots, 

epiphytic region, inside tissues and even intracellularly (Morales-Garcia et al., 2023, 

Gopal and Gupta., 2016). The plant provides nutrients in the form of exudates such 

as amino acids and sugars, a rich source of energy and nutrients that allows the 

adhesion of microorganisms to the root surface (Correa, 2008). These exudates 

account for 21% of the carbon photosynthetically fixed by the plant 

(Carrasquilla, 2021). These interactions influence the development and survival of 

the plant, creating a dependency with its microbiome in order to form beneficial 

symbiotic associations with plants, providing them with essential advantages for their 

growth, resistance and resilience. 

 
These benefits include improved nutrient uptake, protection against pathogens, 

improved physiological status, regulation of the plant’s immune system and  

https://data.unccd.int/land-degradation
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contribution to resistance to environmental stress (Vocciante et al. 2022, Bind et 

al. 2023). 

 

Figure 3. The plant microbiome (Gopal and Gupta., 2016) 
 

 

In addition, the plant microbiome plays a crucial role in promoting soil biodiversity 

and overall ecosystem health. Interactions between plants and their associated 

microorganisms not only benefit individual plants, but also influence the dynamics of 

entire plant communities. 

Understanding these microbial interactions has inspired strategies that respect and 

nurture this complex web. By unlocking the secrets of the plant microbiome, we 

seek not only to improve plant performance, but also to cultivate a terrain where 

nature and agriculture converge in a symphony beneficial to all. 

 

2. INNOVATIVE STRATEGIES IN ACTION 

 
Fertilisers based on microbial consortia have transformed agricultural practice, 

both in Spain and globally. Today, continuous research, innovation and 

development play a key strategic role in optimising nutrition and protecting  
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various crops, as well as contributing to stress mitigation. There are emerging 

innovative solutions and products driving the development of a new era in 

agriculture: Biotech Agriculture. 

The present study is within this interesting biotechnological context, the objective of 

which is to mitigate the damage caused in crops due to abiotic and biotic 

stress, thanks to the application of strategies based on microbial consortia such as 

VIBACTER®, BACNIFOS® and VELLTRIX®. 

 

 
*Image in Spanish 

 

 

 
VIBACTER® is a formulation based on four PGPRs (plant growth promoting 

rhizobacteria), Azospirillum brasilense, Azotobacter chrococcum, Rhizobium loti and 

Bacillus megaterium. The mode of action of each selected micro-organism makes 

VIBACTER® a unique product on the market. The Azospirillum and Azotobacter 

genera fix and assimilate nitrogen in the plant. The solubility of insoluble 

phosphorus in the soil is improved by the action of Bacillus megaterium, which  
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produces organic acids and phosphatase enzymes, transforming phosphates from 

insoluble to soluble form. On the other hand, the incorporation of a Rhizobium strain 

allows symbiotic fixing of nitrogen, covering different crops. All these 

microorganisms have been selected for their high production of natural 

phytohormones such as auxins (AIA and AIB), gibberellins and cytokinins, which 

increase root biomass, the formation of secondary roots, as well as the number and 

length of absorbent hairs, thereby maximising the plant’s uptake of water and 

nutrients. 

 
BACNIFOS® is a product based on PSB (phosphate solubilising bacteria) 

Pseudomonas putida and Pseudomonas fluorescens, which are highly effective in 

the formation of ACC deaminase. This enzyme is capable of breaking down the 

compound 1-aminocyclopropane-1-carboxylic acid (ACC), a precursor of ethylene 

formation, a key regulator in the response of plants to biotic or abiotic stress. 

 
Finally, VELLTRIX®, a product based on Trichoderma sp., PGPR and mycorrhizae, 

strengthens rooting and restores the soil microbiome. It improves iron assimilation 

with the formation of siderophores and produces volatile substances, which 

increase the formation of secondary roots, maximising water and nutrient uptake. 

VELLTRIX® is able to effectively establish itself in the rhizosphere and restore the 

balance of the microbiome, which is essential to mitigate biotic stress. 

 
The management of these solutions in the different stages of crops, through the 

design of personalised strategies, makes it possible to increase the resilience of 

crops with respect to current agricultural conditions, avoiding production losses 

and optimising the quality of the harvests. TRICHODEX has carried out several 

studies in collaboration with customers and external companies, highlighting the use 

of microorganisms to increase crop resilience. 
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The farm, located in the municipality of Carmona, was in the 1st year of production of 

almond trees of the “Lauranne” variety. The beginning of the season was marked by 

almost no rainfall until May, which led to a reduction in the water supply to the 

irrigated plots. In addition, successive heat waves in the summer months caused 

severe water stress in the crop (RAIF, 2023). 

 
The incorporation of the microorganisms into the soil in the crop with small trees, 

which are much more sensitive to extreme conditions, has increased production by 

23% compared to the control without microorganisms, obtaining an increase of 

55.98 kg/ha (27.8%) of grain (Figure 4). 
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Figure 4. Production (kg/ha) of total in-shell almonds. Lauranne variety. 2022-2023 Campaign 

 
*Image in Spanish 
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In this plot, due to the different weather conditions and drought episodes, the 

irrigation community had a water resource of 3,400 m3/ha of water per year for 

these plots. This represents 40% less water supply compared to the 2021-2022 

campaign where there was an availability of 5,700 m3/ha per year. This lack of water 

caused a drop in yield, obtaining 18,307 kg/ha (2022-2023 campaign) equivalent to 

58.4% less compared to the previous campaign in these plots. 

The application of VIBACTER+BIOSOL 4 times during the crop mitigates water 

stress, achieving a 54.53% increase in yield compared to the control plots, which 

means 9,983.3 kg more per hectare of oranges (Figure 5). 

 

 
*Image in Spanish 

 

 

Figure 5. Production (kg/ha) in citrus cultivation in different seasons 
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The soil of the plot has highly saline levels with an average conductivity of 

2.320 mS/cm. The levels of phosphorus, potassium, calcium and magnesium were 

in excess, which led to the detection of a possible blockage of nutrients due to the 

pH and salinity of the soil. According to data provided by the FAO, the Rubus sp. 

species show crop losses of between 10-25% with conductivity in the saturated 

extract between 2.1-2.9 mS/cm. 

In this plot, BACNIFOS® is used, the strains of which have already demonstrated 

under controlled conditions high mitigation of damage caused by salt stress in 

peppers. Moreover, the application of BACNIFOS® on the raspberry crop subjected 

to salinity produces an 21.5% increase in the harvest (Figure 6) compared to the 

control plots and under similar stress conditions. 
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Figure 6. Raspberry productivity (tonnes per hectare). *Image in Spanish 

The plot presents an intensified management, where the excessive use of active 
ingredients caused a change in the community of soil microorganisms, reducing the 
presence of beneficial organisms in the rhizosphere. A cultivation programme is 
established where applications are made throughout the cycle, with the aim of restoring 
the microbiome. 
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With the application of the TRICHODEX strategy, we achieved an 18.5% reduction 

in the number of weeds killed, thus improving soil health and crop vigour (Photos 2 

and 3). 

Photo 2: Strawberry treatment plan *Image in Spanish 

 

 
Photo 3. Comparison of the different plots with and without a balanced microbiome.  

*Image in Spanish 
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3. CHALLENGES AND FUTURE 

 
 
The future of agriculture will largely depend on the ability of the agricultural sector to 

adapt and adopt innovations that increase efficiency, reduce environmental impact 

and improve the resilience of farming systems. Innovation is essential to develop 

adaptive agricultural practices that can cope with an agricultural environment that is 

undergoing significant climatic changes. 

 
Moreover, with the steadily growing world population and the increasing demand 

for food, innovation in agriculture is needed to increase productivity and efficiency, 

ensuring that there are sufficient food resources to meet the needs of an expanding 

population and where natural resources are limited. 

 
The globalisation of the agricultural market poses a crucial challenge to produce 

food that meets international standards and adapts to changing consumer demands. 

The increasing pressure to adopt sustainable and environmentally friendly 

agricultural practices drives the need to develop specific techniques, such as 

efficient waste management and the promotion of biodiversity, which cannot be 

underestimated in this challenging context. 

 
Continuous innovation is essential to meet the challenge of Emerging 

Technology and its rapid evolution, such as precision farming, artificial intelligence 

and biotechnology, offering new opportunities to improve efficiency and productivity 

in agriculture. 

 

 
4. CONCLUSION 

 
The plant microbiome emerges as a fundamental tool in sustainable agriculture. This 

diverse set of microorganisms plays a key role in plant health by strengthening 

plant resistance to adverse conditions. 
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Innovative strategies focused on the microbiome allow optimising nutrient uptake 

by plants, improving their performance and contributing to resource use efficiency 

and effectiveness, essential for the long-term sustainability of agriculture, 

especially in a context where responsible input management has become 

imperative. 

 
In this scenario, research and application of approaches that foster the 

interaction between plants and their microbiome are essential to overcome the 

dynamic challenges facing agriculture. 
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