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Abstract 

 

Association with mycorrhizal fungi confers benefits to 

host plants. The successful establishment of the 

symbiosis improves the nutritional status of both 

organisms: while the fungus receives carbohydrates 

from its host, the plant benefits from the association by 

increasing the absorption of nutrients and minerals from 

the soil, as well as enhancing its resistance to biotic and 

abiotic stress. In the present work, the result of the use 

of arbuscular mycorrhizal fungi (AMF) and organic 

fertilizers in tomato plants as an ecologically 

sustainable strategy is shown, and the impact on the 

establishment of said colonization is analyzed. For this, 

staining and molecular methods were used to analyze 

the impact of organic fertilizers on mycorrhizal 

colonization. The findings indicate that the application 

of organic fertilizers in low proportion does not affect 

the establishment of mycorrhizal symbiosis. 

 

 

 

Biofertilizers, Symbiosis, Sustainable 

Resumen 

 

La asociación con hongos micorrízicos confiere 

beneficios a las plantas huésped. El establecimiento 

exitoso de la simbiosis mejora el estatus nutricional de 

ambos organismos: mientras que el hongo recibe 

carbohidratos por parte de su hospedero, la planta se 

beneficia con la asociación al incrementar la absorción 

de nutrientes y minerales del suelo, además de potenciar 

su resistencia a estrés biótico y abiótico. En el presente 

trabajo se muestra el resultado del uso de hongos 

micorrízicos arbusculares (AMF) y fertilizantes 

orgánicos en plantas de jitomate como una estrategia 

ecológicamente sustentable, y se analiza el impacto en 

el establecimiento de dicha colonización. Para ello se 

utilizaron métodos de tinción y moleculares para 

analizar la repercusión de los fertilizantes orgánicos 

sobre la colonización micorrízica. Los hallazgos 

indican que la aplicación de fertilizantes orgánicos en 

baja proporción no afecta el establecimiento de la 

simbiosis micorrízica. 
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Introduction 
 

In Mexico, tomato is the most cultivated 

vegetable for national consumption and export. 

In recent years production has decreased, in 

December 2019 production was reduced in 6 of 

the 14 states of the country concerning 2018 

(SIAP 2019), in the current year the decrease is 

2.6% derived from minor actions (SADER 

2022). It is known that the productivity of a crop 

is affected by several factors, with the soil where 

it is grown being the most important. Related to 

this is the availability of nutrients, and a crop that 

is grown in optimal nutrition conditions can 

respond to unfavorable environmental factors 

such as biotic or abiotic stress. 

 

Chemical fertilizers have been used to 

improve crop production and satisfy the 

country's food demand, however, their use has 

deteriorated the environment. Producers have 

been encouraged to use environmentally friendly 

organic alternatives to reduce environmental 

risks. Currently, the use of chemical fertilizers in 

agriculture is a problem with important 

economic, social and environmental 

implications, since the acquisition of chemical 

fertilizers increases production costs and 

environmental (water, soil, air) health problems. 

In modern sustainable agriculture, Arbuscular 

Mycorrhizal Fungi (AMF) and organic 

fertilizers have been used as substitutes for 

chemical fertilizers.  

 

The use of organic fertilizers is an option 

for rehabilitating degraded soils; it is also an 

alternative for fixing carbon in the soil, 

minimizing the effects of climate change, and 

improving the quality and health of the soil. 

Beneficial microorganisms such as AMF 

represent an alternative to meet the nutrient 

demand of plants while stimulating defenses 

against stress (biotic and abiotic), promoting 

growth, and improving productivity. AMF helps 

in the absorption of nutrients, which results in 

better foliar characteristics in the crop as well as 

having a bioprotective effect, as has been 

recently reported in coffee plants inoculated 

with AMF, decreasing up to 22% the severity of 

rust, a catastrophic pathogen of this crop 

(Aguilar Flores, 2022). 

 

The use of organic fertilizers and AMF 

in tomatoes has been studied as a sustainable 

alternative in crop management.  

 

 

The combination of AMF, humus, and 

mineral fertilization positively affects tomato 

growth, development, and crop yield (Charles, 

2015). It has been observed that the proportion 

of organic fertilization used influences the 

degree of mycorrhizal colonization due to the 

increase in P content in soils. In this work, we 

used a low proportion of organic fertilization and 

analyzed the degree of colonization in tomato 

plants. 

 

Material and Methods 

 

Plant growth and AMF inoculation 

 

Seeds of Solanum lycopersicum L. cv. Rio 

Grande were surface-sterilized by soaking in a 

70% ethanol solution for 60 s, followed by a 

20% household bleach solution (5% w/v sodium 

hypochlorite) for 5 min, and then rinsed three 

times with sterile water. All seeds were 

germinated on a moistened sterile filter paper. 

One-week-old seedlings were removed and 

transplanted into 750 mL pots (one plant per pot, 

6 plants per treatment).  

 

For mycorrhizal treatment without 

fertilization, a three-times autoclaved soil 

mixture was used, consisting of equal parts of 

sand and loam. For mycorrhizal treatment with 

organic fertilization, the same mixture of sand 

and loam was used, with the addition of 

vermicompost in a 3:1 proportion. At the time of 

transplanting, plants were inoculated with a 

consortium of six AMF species: Glomus 

fasciculatus, G. constrictum, G. tortuosum, G. 

geosporum, Gigaspora margarita, and 

Acaulospora scrobicurata (MycoRacine_VA, 

MycoBiosfera, México). A similar number of 

control plants were supplied with only 3 g of 

sterilized soil mixture. 

 

Plants were kept under controlled light 

and temperature conditions. The root system was 

split lengthways at harvest: one half was stained 

to evaluate mycorrhizal colonization, whereas 

the other half and leaf tissues were frozen, 

ground in liquid nitrogen, and stored at −80 °C 

until required for further analysis. 

 

Estimation of AMF root colonization 

 

Root fragments of control and mycorrhizal 

plants were stained with trypan blue and 

observed with a light microscope to evaluate 

mycorrhizal colonization.  
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AMF colonization was determined in the 

two independent experiments using the 

magnified intersections method described by 

McGonigle et al. (1990). Colonization levels 

were determined by quantifying the proportion 

of root segments containing hyphae, arbuscules, 

and vesicles, each representing the hyphal 

colonization (H) arbuscular (A) and vesicular 

(V) levels, respectively. Roots were harvested at 

45 days post-inoculation (dpi). 

 

Statistical analysis of mycorrhizal colonization  

 

Data were analyzed by t-student statistics to 

determine whether or not the means of the 

different treatments tested were equal. All tests 

were conducted using the Minitab 15 statistical 

software package (Minitab Inc., State College, 

PA, USA). Differences at p < 0.05 were 

considered statistically significant. 

 

Extraction of total RNA, cDNA preparation, and 

PCR analysis 

 

Total RNA was extracted from 100 to 500 mg of 

frozen root tissues with the Trizol reagent 

(Invitrogen, Carlsbad, CA, USA), according to 

the manufacturer’s instructions. All RNA 

samples were analyzed by agarose gel 

electrophoresis and visual inspection of the 

ribosomal RNA bands upon GelRed staining and 

quantified by nanodrop. Total RNA samples 

were reverse transcribed to generate the first-

strand cDNA using an oligo dT20 primer and 

200 units of SuperScript II reverse transcriptase 

(Promega, Madison, WI, USA). The cDNA 

employed for the RT-PCR assays was initially 

prepared from 2 ug total RNA.  

 

Amplifications were performed using 

Taq Polymerase (Promega, Madison, WI, USA) 

and run in a thermocycler MiniAmp™ (Applied 

Biosystem, Waltham, MA, USA). Reactions 

were prepared in a total volume of 25 uL 

containing: 1uL of template, 1 uL of each 

amplification primer (10 mM), Buffer 10x  2.5 

uL, dNTP´s mix 0.5 uL, MgCl2 0.75 uL, 1 uL 

Taq Polymerase and distilled water to complete 

reaction. The following protocol was followed 

for amplification runs: 5 min at 95°C, followed 

by 35 cycles of denaturation at 95°C for 30 s 

annealing at 60° C for 30 s, and extension at 

72°C for 30 s, and final extension at 72°C  for 10 

min. Primers were used based on Casarrubias-

Castilllo et. al., 2020.  

 

 

The LeTIP41 gene was used as a 

housekeeping constitutive gene and the LePT4 

gene as a mycorrhizal marker gene. Samples 

were analyzed by agarose gel electrophoresis 

and visual inspection of transcripts. 

 

Results 
 

AMF colonization parameters  

 

Mycorrhizal inoculated tomato plants with the 

organic fertilization regimen added showed 

significantly higher content of hyphae and 

vesicles but not of arbuscules, compared to the 

mycorrhizal roots without organic fertilization 

(graph 1). However, that does not imply a 

colonization decrease, since a similar content of 

arbuscules was observed in both treatments. 

Colonization in both treatments was notorious 

for the constant presence of hyphae as shown in 

Figure 1 A and B, where the presence of 

arbuscules and vesicles is represented. It should 

be noted that in the control non-mycorrhizal 

plants, the presence of fungal structures was not 

observed (Figure 1 C and D). 

 

 
 
Graph 1 Mycorrhizal colonization in tomato roots 

 

The left side shows mycorrhizal plants 

with organic fertilization (Myc + OF), and the 

right side shows mycorrhizal plants without 

fertilization. The green bar represents the 

content of hyphae, the blue bar the content of 

arbuscules, and the gray bar the content of 

vesicles observed. 

 

https://www.google.com/search?q=Waltham&stick=H4sIAAAAAAAAAOPgE-LSz9U3MKoyzMkuUuIAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWNnDE3NKMhJzd7Ay7mJn4mAAADj9e9pWAAAA&sa=X&ved=2ahUKEwi1svuSv4j7AhXFM0QIHZDbAfwQmxMoAXoECFcQAw
https://www.google.com/search?q=Waltham&stick=H4sIAAAAAAAAAOPgE-LSz9U3MKoyzMkuUuIAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWNnDE3NKMhJzd7Ay7mJn4mAAADj9e9pWAAAA&sa=X&ved=2ahUKEwi1svuSv4j7AhXFM0QIHZDbAfwQmxMoAXoECFcQAw
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Figure 1 Mycorrhizal colonization in tomato roots. A) 

Mycorrhizal roots with organic fertilization, B) 

Mycorrhizal roots without fertilization, C) and D) Control 

non-mycorrhizal roots. H= hyphae, A= Arbuscules, V= 

Vesicles. 

 

Molecular evidence of colonization 

 

Expression levels of the LePT4 and LeTIP41 

genes are shown in figure 2. In lanes 1 and 2 a 

more intense expression of the mycorrhizal 

marker gene is observed compared to lanes 3 and 

4 corresponding to the control non-mycorrhizal 

roots. LePT4 expression levels coincided with 

the degree of AMF colonization observed by the 

staining method. 

 

Constitutive expression gene LeTIP41 is 

used as a loading control for all samples used. 

 

LePT4 is considered a reliable indicator 

of mycorrhizal-colonization in roots of 

mycorrhizal species, although our results 

suggest it to be active in control plants. This 

gives a guideline to perform a deeper analysis of 

the transcript by quantitative PCR. 

 

 
 
Figure 2 Agarose gel electrophoresis of the products 

obtained from PCR. A) LePT4 used as marker gene B) 

LeTIP41 used as constitutive gene. Lanes 1: Mycorrhizal 

roots with organic fertilization; 2: Mycorrhizal roots 

without fertilization; 3 and 4: Control non-mycorrhizal 

roots 

 

 

 

 

Discussion 

 

In this work, we compared the degree of 

mycorrhizal colonization in tomato plants with 

and without the addition of organic fertilization. 

It was evaluated in two ways: the conventional 

one using the staining method and the molecular 

one using the mycorrhizal marker gene. The 

findings obtained in this work indicate a higher 

degree of colonization in the plants with organic 

fertilization, evaluated by both methods; 

although there were no differences in the content 

of arbuscules in the roots of both treatments.  

 

The use of organic fertilizers completes 

the chemical fertilization; although such 

fertilization was not used in this work, the use of 

organic fertilization in low doses showed similar 

results in zucchini crops, in which the addition 

of a mix of 50% chemical fertilization and algae 

extract biofertilizer, improved crop 

characteristics including better crop productivity 

(Aguilar-Carpio et. al., 2022). In other work the 

use of organic fertilizers in P. alata plants 

inoculated with G. albida possibly caused 

colonization as the content of organic fertilizers 

increased (Oliveira et. al., 2014). In tomato, it 

has been observed that the high content of P in 

chemical fertilizers negatively influences the 

degree of colonization, obtaining higher yields 

in mycorrhizal plants without chemical 

fertilization or with reduced fertilization 

(Felföldi et. al., 2022; Ziane et. al., 2021).  

 

In recent studies, the effects of 

conventional and organic agriculture on the 

AMF community have been compared, 

indicating a higher level of colonization in 

conventional farms, but not in the nutrients 

content of the soil, nor in the taxonomic diversity 

of the AMF since that both were higher on 

organic farms than on conventional ones (Liu et. 

al., 2020; Chen et. al., 2022). It is important to 

highlight that in this work a low concentration of 

organic fertilizer was used without an apparent 

decrease in the degree of colonization shown. 

There was even a higher yield in the number of 

fruits of mycorrhizal plants with the organic 

fertilization regimen compared to mycorrhizal 

plants without fertilization (data not shown), 

suggesting that agriculture and soil sustainability 

can be improved by minimizing the use of 

chemical fertilizers and promoting the use of 

organic fertilizers. 
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Conclusions 

 

The results obtained in this work indicate that 

there are differences in the percentage of 

colonization of tomato roots treated with organic 

fertilization, finding fungal structures such as 

hyphae, vesicles, and arbuscules. These findings 

indicate that the application of organic fertilizers 

in a low proportion does not affect the 

establishment of symbiosis in tomato plants. The 

results derived from this proposal could be 

extrapolated to other model plants that establish 

mycorrhizal symbiosis, such as corn, rice, 

sorghum, etc. 
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