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Abstract 

In the last decades, there has been a tendency towards sustainable agriculture.  Following this trend, edaphic 

fungi as Trichoderma and arbuscular mycorrhizal fungi (AMF) could increase plant growth contributing to 

diminish agricultural chemical supply.  However, little information exists in current research regarding the possible 

effects of alternative practices to soybean monoculture systems on fungal groups, that could contribute to plant 

health and/or productivity. Thus, our objective was to assess changes in the abundance and diversity of indigenous 

AMF and Trichoderma from a long-term field experiment located in the Argentinean Pampas, in order to test the 

effect of alternative practices to soybean monoculture. The fungal ability to promote the growth of crops, such us 

tomato plant, was also tested. Soil samples were collected from a soybean monoculture system (Sb), a system 

including cover crop (Avena sativa) followed by soybean (CC/Sb) and a system including rotations (rot) of Soybean-

Maize-Wheat crops CC/Sb-rot, M-rot and W-rot, respectively. Highest AMF and Trichoderma abundance was found 

at W-rot and M-rot systems, and highest AMF diversity was found at W-rot and CC systems. Furthermore, highest 

mycorrhizal colonization was found at CC/Sb and W-rot systems. Inoculated plants with single AMF consortium or 

with Trichoderma strains showed significant increases in comparison with the control. Dual inoculation increased 

tomato plant growth as compared to the control, and evidence of synergism was found by increases in shoot and 

root growth. Our results show that dual inoculation with indigenous AMF and Trichoderma from alternative crop 

systems to soybean monoculture could play an important role in tomato plant growth. This information could be 

useful to decrease production costs and environmental impacts. 

Keywords: Inoculation, mycorrhizal colonization, Trichoderma, cover crops, crops rotation systems 

Introduction 

The global current need for food production has put 

pressure on increasing yields; consequently, agriculture has 

become more competitive and efficient (Cho et al., 2004). In 

Argentina, the main change in agricultural production has 

been the expansion of soybean cultivation as monoculture 

(Solbrig, 2005). This includes the permanent application of 

chemicals and little residue incorporation, which leads to a 

decrease in soil organic matter (SOM) content. This could 

affect the microbial biodiversity, increase soil degradation, 

and contribute to environmental deterioration (Marshall et al., 

2011).  

Abuscular mycorrhizal fungi (AMF), which belong to 

phylum Glomeromycota, form mutualistic associations with 

most terrestrial plants (Gupta et al., 2017). The AMF increase 

the growth of a wide variety of crops (Sharif et al. 2010) as 

well as the tolerance to biotic and abiotic stress (Sidhoum and 

Fortas, 2018); it also contributes to soil aggregates stability 

(Rillig et al., 2002). As result, in the last decades, the AMF 

have been highlighted as potential biofertilizers.  

In soils, the plant-AMF system is in interaction with 

other microorganisms as Trichoderma fungi (Tiunov and 

Scheu, 2005). Trichoderma is widely distributed in different 

environments, especially in those with high SOM (Harman, 

2006). Among other properties, Trichoderma can solubilize 

insoluble soil P compounds and has positive effects on plant 

growth and pest biocontrol. These properties could result 

from rapid growth and antagonistic action to plant root 

pathogens (Guigón-López et al., 2010). For this reason, 

Trichoderma is also considered a potential bioinoculant which 

enhances plant growth and health. Therefore, the combination 

of Trichoderma (P solubilizer) and AMF (P transporter) 
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consortium could probably increase plant growth and also 

control fungal pests.  

Positive interactions between Trichoderma harzianum 

and AMF were reported by Martínez-Medina et al. (2011) 

who registered a reduction of foliar disease produced by 

Fusarium fungus in melon (Cucumis melo). Due to 

Trichoderma antifungal properties, antagonism with AMF 

could be expected. Antagonistic effects of Trichoderma on 

AMF were found by Santander and Olave (2014) and were 

related to antifungal metabolite compounds released by 

Trichoderma. On the other hand, synergistic or neutral effects 

on potato plants were found by Ene and Alexandru (2008) 

with different Trichoderma strains (T. longibrachiatum, T. 

virens, and T. koningii) and AMF belonging to the Glomus 

and Gigaspora genus.  

Currently, inoculation with fungi as biofertilizers is not 

used as a management practice in extensive crops. Cover 

crops (CC) have been considered as an alternative to increase 

SOM in soybean monoculture (Villamil et al., 2006). Avena 

sativa is a commonly used CC, because of the carbon residues 

it leaves in the soil (Duval, 2016); it also has numerous 

benefits, such as physical soil protection (Fernández et al., 

2007). Another alternative to soybean monoculture that 

maximizes productivity per unit area by optimizing the use of 

resources and reducing pest are crop rotations including 

soybean with other crops (Kumar and Goh, 2000). However, 

little is known about how these practices could affect the soil 

microbial structure and or activity. In particular, it is 

interesting to know if some alternatives to soybean 

monoculture can affect microbial groups that could fulfill 

roles in plant health and/or productivity. 

We hypothesize that alternative systems to soybean 

monoculture, such as CC or crop rotations modify soil 

microbial abundance and/or diversity. Therefore, there is a 

greater probability to find combinations of indigenous AMF-

Trichoderma that could be considered as potential 

bioinoculants. The present study was performed to understand 

the effect of different soybean crop systems on the abundance 

and/or diversity of indigenous AMF and Trichoderma strains 

from the Argentinean Pampas and to select AMF-

Trichoderma consortium with ability to increase plant growth. 

In addition, we aimed to advance our knowledge of the 

identity of selected strains of potential biotechnological 

interest. 

Materials and Methods 

Experimental site and soil samples collection 

The study was carried out in a long-term field trial under 

no-tillage started in 2006 at the Instituto Nacional de 

Tecnología Agropecuaria (INTA) Research Station at 

Balcarce, Argentina (37° 45’ S, 58° 18’ W; 870 mm mean 

annual rainfall; 13.8 °C mean temperature; 138 m above sea 

level). The soil was a Typic Argiudoll (Mar del Plata series, 

USDA taxonomy), with less than 2% slope and loam texture 

at the surface layer (0-20 cm). The experimental design 

consisted of a randomized complete block design (RCBD) 

with three replications per treatment. Three treatments were 

evaluated: 1) soybean monoculture (Sb); 2) cover 

crop/soybean (CC/Sb); 3) crop rotation (rot) with the three 

phases of rotation in different plots (CC/Soybean-Maize-

Wheat) with Wheat (W-rot), Maize (M-rot) and CC/Sb 

(CC/Sb-rot) in the year of study; that resulted in fifteen 

experimental units of 15 m x 5 m each. 

The Sb system was maintained without weeds during the 

fallow period using glyphosate application at the beginning of 

spring. Soybean (Glycine max) was sown (0.35 m row 

spacing) using a plant density of 450,000 seeds ha-1 

inoculated with Bradyrhizobium japonicum. At sowing, it was 

fertilized with 20 kg phosphorus ha-1 as triple superphosphate 

(0-46-0) and 15 kg sulfur (S) ha-1 as gypsum (16% S, 20% Ca 

(calcium), SO4Ca 2H2O). The CC used in treatments CC/Sb 

and CC/Sb rot was oat (Avena sativa L.), using a density of 

120 kg ha-1 (0.175 m row spacing). The CC was fertilized 

with N at tillering (90 kg N ha-1 as urea). Cover crop was 

killed just at flag leaf, with 3-4 L ha−1 of glyphosate (48% 

active principle). In the W-rot treatment, wheat (Triticum 

aestivum Buck Sy200) was sown using a density of 140 kg 

seeds ha−1 and fertilized with P (20 kg P ha-1 as triple 

superphosphate). N (150 kg N ha−1 as urea) and S (15 kg S ha-

1 as gypsum) fertilization were applied at tillering. At wheat 

Table 1: Chemical soil characteristics of different plots of field experiment. OM: Organic Matter; P-Bray: 

available soil phosphorus 

Field plot pH OM (%) P-Bray (mg kg-1) 

Sb 5.69 (± 0.2) 5.12 (± 0.4) 33.37 (± 1.4) 

CC/Sb 5.63 (± 0.8) 5.51 (± 0.8) 28.09 (± 1.2) 

M-rot 5.25 (± 0.6) 5.54 (± 0.7) 26.01 (± 0.8) 

W-rot 5.62 (± 0.5) 5.48 (± 0.9) 27.72 (± 1.1) 

CC/Sb-rot 5.46 (± 0.3) 5.49 (± 0.5) 30.36 (± 0.9) 
Values in parentheses corresponding to standard deviations (n = 3).  
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harvest, plots were sown with unfertilized soybean. In the M-

rot treatment, maize crop (Zea mays, DK72-1-10 RR2) was 

sown using a density of 80,000 plants ha-1(0,52 m row 

spacing) and fertilized with P (20 kg P ha-1 as ammonium 

phosphate (PO4 (NH4)3)). N fertilization was applied as urea 

at V6 stage (Ritchie and Hanway, 1982). Pests, weeds and 

diseases were traditionally controlled with chemical methods.  

Fifteen composite soil samples, 10 sub-samples per plot, 

were separately collected in summer (January) by using a 

cylindrical sampler 5 cm in diameter, 0-15 cm depth. 

Subsamples were separately homogenized per treatment and 

replicates were stored in a refrigerator (4 ºC) until processed 

(two days later). Part of the soil samples were used for soil 

chemical parameters determination, as detailed in Table 1. 

Genetic AMF-belonging glomerales diversity 
assessment  

The genetic diversity of AMF was assessed with an 

emphasis on the most representative genera of AMF 

(Glomus and Funneliformis, belonging to the Glomerales 

order according to Redecker et al. (2013)) by a genotypic 

fingerprinting approach, using the polymerase chain 

reaction-Single Stranded Conformation Polymorphism 

(PCR-SSCP). Soil DNA extraction was performed 

separately for each field treatment by using the MoBio 

Power Soil DNA isolation kit, according to the 

manufacturer's instructions. A nested PCR was performed 

for amplifying a fragment of the large subunit of ribosomal 

DNA gene (28S) by a nested PCR. In the first PCR reaction, 

approximately 700 bp were amplified using the fungal 

specific primer pair LSU0061/LSU0599 (5’-

AGCATATCAATAAGCGGAGGA-3´/ 5´-

TGGTCCGTGTTTCAAGACG-3´). On the second PCR 

reaction, the products originating from the first PCR 

reaction (diluted 1:50) were used as template for amplifying 

an approximately 400 bp fragment, corresponding to the 

28S rDNA gene of AMF belonging the 

Glomus/Funneliformis genera (Funneliformis mosseae 

=Glomus mosseae; F. caledonium= Glomus caledonium and 

F. geosporum= Glomus geosporum) (Van Tuinen et al., 

1998). PCR products generated by LSUrk4f and LSUrk7r 

primer pairs were subsequently analyzed by SSCP using a 

Dcode Universal Mutation Detection System (Bio-Rad, 

USA). Five microliters of the PCR product were added to 3 

µL of denaturing loading mixture (95% deionized 

formamide, 0,05% bromophenol blue, 0.05% xylene cyanol 

FF and EDTA 20 mM), denatured at 95ºC for 5 min, and 

immediately plunged into ice. Each PCR product was 

loaded into the 1 mm-thick gel 0.5X MDE® (Cambrex, 

Rockland ME, USA), 1X TBE (0.045 M Tris/borate, 1 mM 

EDTA) and run at 15°C, 8 W, 300 V for 4 h. PCR and 

SSCP conditions were performed as described by Kjøller 

and Rosendahl (2000) and by Rosendahl and Stukenbrock 

(2004). The SSCP gels were silver stained according to 

Benbouza et al. (2006), scanned and finally analyzed.  The 

Shannon-Weaver (1949) diversity H’ Index of Glomales 

was calculated (Van Elsas et al., 2012) based on the SSCP 

pattern as detailed in Eq. (1): 

Eq (1)  

 

Where Pi = Ni/N, Ni is the abundance of the ith 

ribotype, N is the total abundance of all ribotypes in the 

sample (lane of SSCP gels). The abundance of SSCP bands 

were indicated by the intensity of each SSCP band extracted 

by the Phoretix 1D PRO software (Nonlinear Dynamics, 

United Kingdom). 

AMF native spores abundance from soybean 
crops  

AMF spores were extracted from 50 g of each field soil 

treatment by wet sieving, decantation of 60% sucrose 

gradient centrifugation and collection of the spores and soil 

particles in 53 μM sieves as described by Sieverding (1991). 

Isolated spores were surface cleaned by sonication 

(Quantrex S200 Sweep Zone (TM) Technology L & R kit), 

and surface sterilized with a solution of 5 mg/L 

streptomycin sulphate and neomycin sulphate at 25 

μL/sample three times for 5 minutes (according to a 

modification of the protocols by Covacevich and Consolo, 

2014). 

The total number of AMF spores (clean and healthy 

spores, in which internal nuclei were evident) in each 

sample was quantified under a binocular magnifying glass 

(6 X magnification) and referred to 100 g of soil. The spores 

were transferred to 1.5 mL eppendorf® tubes with 100 μL 

of sterile distilled water and were multiplied.  

AMF spores multiplication in trap plant cultures 

Isolated spores of each treatment were multiplied 

during 9 weeks in a growth chamber, with a mix (50% V/V) 

of 10 g of ryegrass and clover as trap plants, which were 

seeded in 1 kg pots. Pots were filled with a mixture of soil 

(from the field experiment fumigated with formaldehyde 

following Covacevich and Echeverría (2003): perlite: sand 

(autoclaved) 1:1:1 in vol. After 9 weeks roots were 

separated from the substrate, washed and stained with a 

trypan blue (0.05%) in distilled water-acid lactic-glycerol 

(1:1:1 in vol) solution according to the modification of 

Phillips and Hayman (1970) method, in which the phenol 

reagent was omitted. Arbuscular mycorrhizal colonization 

(AMC), as well as the frequency of root infection, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Elsas%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=22232669
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Elsas%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=22232669
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colonization intensity and arbuscule content, were 

quantified (Trouvelot et al., 1986). 

Trichoderma native abundance from soybean 
crops 

Trichoderma strains were isolated from 10 g of soil 

separately for each field treatment through the plate decimal 

dilution method on Agar-TSM (Trichoderma Selective 

Medium; Elad et al., 1981) and abundance (Unit Forming 

Colony/100 g soil) was quantified after growth (28 ± 0.5 °C 

for 7 - 10 days). Individual colonies were then separately 

transferred to Petri dishes with PDA (potato dextrose agar 

medium) and kept for 14 days at 25 °C, which allowed for 

the multiplication of one isolated conidia (pure culture).   

Trichoderma molecular identification 

Genomic DNA from Trichoderma isolates was extracted 

from 100 mg of mycelium from pure cultures based on 

Raeder and Broda (1985); DNA quality was checked on 1.5 

% agarose gel stained with GelRed®.  

Polymerase chain reaction (PCR) that allowed for the 

amplification of internal transcribed spacers (ITS) of 

ribosomal DNA (rDNA) region from each Trichoderma 

isolate was performed with primers ITS1 (5-

TCCGTAGGTGAACCTGCGG-3) and ITS4 (5-

TCCTCCGCTTATTGATATGC-3) (White et al., 1990) 

which includes the ITS1, the 5.8S rDNA gene and the ITS2 

regions. PCR was conducted in a mixture containing 10 ng of 

genomic DNA, 20 mM Tris–HCl (pH 8.4), 50 mM KCl, 1.5 

mM MgCl2, 0.2 mM each of the four dNTPs, 0.5 mM of each 

primer, and 1 unit of Taq polymerase (Promega WI, USA). 

Thermal cycling conditions involved an initial denaturation 

step at 94 °C for 2.5 min, followed by 40 cycles of 94 °C for 

15 s, 48°C for 1 min and 72 °C for 1.5 min, and a final 

extension at 72 °C for 10 min. PCR products were separated 

by electrophoresis in a 1% agarose gel mixing with GelRed® 

(Genbiotech, UK) during 1 h at 120 V. The expected size and 

the quality of the amplicons were checked on 1% agarose gel. 

PCR amplification products were purified and sequenced by 

Macrogen (Korea) using the ITS4 primer.  

Trichoderma and AMF inoculation: Effect on 
tomato plant growth  

In a tomato pot experiment, Trichoderma and AMF 

strains selected by their diversity and/or proliferation ability 

were inoculated, both alone and in combination, to test their 

ability to promote plant growth. The experimental design was 

randomized in blocks with 6 treatments and four replicates as 

detailed: 1) Uninoculated (Control); 2) Inoculated with AMF 

consortium from the field plot W-rot (AMF W-rot); 3) 

inoculated with AMF consortium from the field plot CC/Sb 

(AMF CC/Sb); 4) inoculated with Trichoderma from the field 

plot W rot (Tch W-rot); 5) Inoculated with Trichoderma from 

the field plot CC (Tch CC/Sb); 5) inoculated with consortium 

with AMF and Trichoderma from the field plot W-rot 

(AMF+Tch W-rot); 6) inoculated with consortium with AMF 

and Trichoderma from the field plot CC/Sb (AMF+Tch 

CC/Sb). 

Certified tomato seeds (Solanum lycopersicum, 

"platense" cv.) were surface sterilized with 10% sodium 

hypochlorite for 1 min followed by 10% alcohol for 1 min, 

rinsed with sterile distilled water and kept in Petri dishes with 

distilled sterile water for 24 h, facilitating the hydration of 

seeds. 

Tomato seed inoculation was separately done for each 

selected Trichoderma strain. Seeds were shaken for 30 min 

with a magnetic stirrer in an Erlenmeyer flask containing 90 

mL of 5% Agar-water plus 10 mL of an aqueous suspension 

Trichoderma strains that was adjusted to 1x108 conidia/mL 

and a drop of surfactant (Tween 20). For control treatment, 

the same procedure was performed in the absence of conidia 

(mock inocula). Treated seeds were dried on a sterile 

absorbent paper for 24 h at room temperature and then placed 

in a moist chamber for germination for 7 days at room 

temperature.  

Two pre-germinated seeds were planted in 500 mL pots 

filled with a substrate composed of non-sterilized 

agricultural soil (0-20 cm) form the field experiment mixed 

with sterile sand and perlite (2:1:1 soil: sand: perlite w/v). 

Tomato plants were grown in a plant growth chamber (25 

°C, 12 h light/12 h dark) for 45 days and watered every 72 

h. After 15 days, one plant per pot was removed.  

At sowing and at 10 days after sowing (DAS) tomato 

roots were inoculated with 2 mL/pot aqueous suspension 

containing 12 AMF spores of selected treatments (AMF W-

rot and AMF CC/Sb); spores consisted of a homogeneous 

mixture of genus Acaulospora, Rhizophagus, Funneliformis 

and Claroideoglomus (according to the INVAM 

classification, http://invam.wvu.edu/). Non-inoculated soil 

pots received a 2 mL of mock inocula (Schroeder and Janos, 

2004) which consisted of a filtrate of soil of selected 

treatments (40 g of soil shaken for 1 h in 400 mL of sterile 

deionized water filtered in Whatman No. 1).  

Plant growth and microbial determinations in a 
pot experiment 

Tomato plants height and SPAD units (average 3 

lectures per plant using a SPAD MINOLTA 502) were 

measured at 45 DAS. Shoots were cut and shoot fresh 

weight (SFW) was recorded. Leaf images were captured and 

http://invam.wvu.edu/
http://invam.wvu.edu/
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leaf area was calculated by using the ImageJ program 

(https://imagej.nih.gov/ij/). Shoot dry weight (SDW) was 

determined after drying shoots and the leaves (60 ºC for 72 

h). Roots were separated from the substrate, fully recovered, 

washed, dried with absorbent paper, and root fresh weight 

(RFW) was measured.  

Inoculation responsiveness (IR) was separately 

calculated for each inoculation treatment according to the 

following equation (Eq. 2): 

Eq (2) IR = SDW(I) – mean SDW (NI) X 100 

  Mean SDW (NI) 

where SDW is the individual SDW production of 

inoculated (I) plants and mean SDW of NI (control) plants.  

The IR was similarly calculated for SFW and for RFW.  

After RFW quantification, roots were stained and AMC 

was quantified as detailed above (2.4 section). At the end of 

the pot experiment, abundance of Trichoderma in the pots 

substrate was assessed as described: 10 g of substrate of 

each pot was weighed and suspended in 90 mL of sterile 

distilled water; the solution was homogenized on a 

horizontal stirrer at 150 rpm for 25 min. and four serial 

decimal dilutions were made. Two hundred microliters of 

10-1 and 10-2 dilutions were distributed in Petri dishes with 

Agar-TSM medium (Elad et al., 1981), which were 

incubated as described above for the isolation of species of 

the genus Trichoderma (2.5 section). Counts of Colony 

Forming Units (CFU) of Trichoderma were recorded 

(Covacevich and Consolo, 2014).  

Statistical analysis  

Tested variables were analyzed using an analysis of 

variance (ANOVA); means were separated by the Tukey's 

test (p<0.05) by using the SAS software (2005).  

Results and Discussion 

AMF and Trichoderma indigenous selection 
from soybean systems with potential to 
promote plants growth 

AMF and Trichoderma indigenous strains selection 

from different soybean crop systems was based on their 

diversity and ability to proliferate in different crop systems. 

High genetic diversity (H') of AMF belonging to the genus 

Glomus and Funneliformis (Glomerales order) quantified 

through the PCR-SSCP strategy was obtained in W-rot 

system, followed by the CC/Sb system, whereas the lowest 

H' was obtained in the Sb monoculture system (Table 2). 

Highest abundance of AMF spores was found in the M-rot 

system, which almost doubled the abundance recorded in 

other treatments. Highest abundance of Trichoderma was 

recorded in the W-rot system. Our results clearly show that 

different soybean management systems modified the 

abundance of both studied fungi. Particularly, the inclusion 

of oat in rotations (CC/Sb-rot) increased the abundance of 

both fungal groups as well as the diversity of indigenous 

Glomerales of soybean crops. 

The infective ability of native AMF propagules from 

different soybean crop systems was evaluated through 

Arbuscular Mycorrhizal Colonization (AMC) in trap plants. 

Highest infective capacity was found in trap plants with 

substrates from the CC/Sb and W-rot systems in which an 

AMC of 73% and 69% was reached, respectively. These 

degrees of colonization significantly exceeded those 

obtained in M-rot and CC/Sb-rot rotations (51% and 47%, 

respectively), while the lowest AMC was found in the trap 

plants from Sb monoculture system (29%).  

Trichoderma isolates from all soybean cultivation 

systems showed abundant proliferation in culture medium. 

However, Trichoderma isolates from the CC/Sb and W-rot 

systems showed a fast conidia proliferation at 72 h of 

growth, as compared to isolates from the other systems. 

Highest AMF diversity and infective capacity as well as 

the highest production of Trichoderma conidia found in the 

CC/Sb and W-rot systems suggest that native fungi of these 

systems would have better potential as promoters of plant 

growth, as compared to other evaluated systems. 

Trichoderma species from treatments W-rot and CC/Sb 

were genetically identified as Trichoderma tomentosum and 

T. harzianum, respectively. Sequences of ITS-rDNA regions 

Table 2: Genetic AMF diversity (PCR-SSCP) and AMF and Trichoderma abundance at field experiment 

Field Experiment Treatments AMF spores abundance 

(Nº spores/100 g soil) 

Genetic AMF Diversity Index 

(H´) 

Trichoderma abundance  

(CFU/100 g soil) 

Sb 218 b 1.4                6.2 x103 b 

CC/Sb 266 b 2.0                 5.2 x103 b 
 M-rot 476 a 1.7                5.8 x103 b 

W-rot 220 b 2.1                2.6 x104 a 

CC/Sb-rot 254 b 1.7                 4.0 x103 b 
Values in columns with same letters show no significant differences among treatments (p< 0.05) 

 

 

 

https://www.google.com.ar/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwipiZKf46rYAhUMGZAKHR04CG8QFgg-MAI&url=https%3A%2F%2Fimagej.net%2F&usg=AOvVaw1eBqDOzl6aPQ_ttLvfGDCd
https://www.google.com.ar/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwipiZKf46rYAhUMGZAKHR04CG8QFgg-MAI&url=https%3A%2F%2Fimagej.net%2F&usg=AOvVaw1eBqDOzl6aPQ_ttLvfGDCd


Commatteo, Consolo, Barbieri, and Covacevich 

 
 

 

 

53 

Soil Environ. 38(2): xx-xx, 2019 

were deposited in the GenBank 

(https://www.ncbi.nlm.nih.gov/) under the accession 

numbers MG737695 and MG737696 (available online 

https://blast.ncbi.nlm.nih.gov/Blast.cgi). Mycorrhizal fungi 

were morphologically identified as belonging to the 

Acaulospora, Rhizophagus, Funneliformis and 

Claroideoglomus genera. 

Tomato growth response to single and dual 
inoculation with selected AMF and 
Trichoderma indigenous from soybean crops  

Significant increases in SDW, SFW, RFW and leaf area 

of tomato plants at 45 DAS were found as a result of single 

and/or dual inoculation with AMF-Trichoderma (Figure 1), 

as compared to the Control (Table 3). Similarly, Bader et al. 

 
Figure 1: Tomato plants growth after 45 days. A: (from left to right) without inoculation (control), inoculated with 

AMF W-rot, Tch W-rot and inoculated with both fungi (AMF+Tch W-rot). B: (from left to right) without 

inoculation (control), inoculated with AMF CC/Sb, Tch CC/Sb and inoculated with both fungi (AMF+Tch 

CC/Sb) 

Table 3: Growth parameters in tomato plants (45 DAS) as affected by single or dual inoculation with arbuscular 

mycorrhizal consortium (AMF) or Trichoderma (Tch) indigenous strains from soybean crops. CC/Sb: 

Soybean after oat as cover crop –CC- ; W-rot: systems including rotations (rot) of crops with the three 

phases of rotation in different plots (CC/Soybean-Maize-Wheat) with wheat (W-rot) in the year of study; 

SFW: shoot fresh weight; SDW: shoot dry weight; RFW: root fresh weight; CFU: colony forming units 

Treatments Shoot height 

(cm) 

Greenness 

Index (SPAD) 

SFW (g) SDW (g) RFW (g)  Leaf area 

(cm2)  

Trichoderma 

abundance 

(CFU g s.s) 

Control   10.25 d                          29 a 0.86 b  0.06 b 0.15 b  0.63 d 417.0 d 

AMF W-rot  17.01 a 30 a 1.96 a 0.15 a 0.36 ab  1.45 b 1423.7 c 

AMF CC/Sb 17.02 a 30 a 1.82 a 0.13 a 0.22 b  0.96 cd 1527.7 c 

Tch W-rot 14.75 bc 30 a 1.55 ab 0.11 ab 0.50 a  1.09 c  3611.0 a 

Tch CC/Sb 16.51 ab 31 a 1.55 ab 0.14 a 0.37 ab  2.16 a 4097.3 a 

AMF+Tch W-rot 14.25 c 33 a 1.49 ab 0.10 ab 0.59 a  1.06 c 2569.3 b 

AMF+Tch CC/Sb 14.25 c 31 a 1.66 a 0.11 ab 0.37 ab  1.25 bc 2465.0 b 
Different letters in columns indicate significant differences among treatments (Tuckey, p <0.05). 
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(2019) showed increases up to 300% in tomato plants 

growth inoculated with T. harzianum indigenous from 

Argentina. Our results showed that inoculation responses 

(IR) were always positive, with a marked increase (above 

60%) resulting from inoculation with Trichoderma strains. 

Higher IRSDW (above 140%) was found after single 

inoculation with T. harzianum indigenous from CC/Sb 

system of Argentina soybean fields, as compared to the 

Control (Figure 2). Bal and Altinatas (2008) reported that 

lettuce plants (Lactuca sativa) inoculation with T. harzianum 

increased only seedling fresh weight, without increasing 

roots weight. A higher IRRFW (above 244%) was obtained 

after single tomato inoculation with T. tomentosum 

indigenous from W-rot system, as compared to the Control. 

To our knowledge, few studies have reported the effect of T. 

tomentosum inoculation on plant growth.  Rabeendra et al. 

(2000) and Ousley et al. (1993) reported the efficiency of T. 

tomentosum on the growth of cabbage and lettuce plants, 

respectively. 

 

Figure 2: Arbuscular mycorrhizal colonization in 

tomato roots quantified as mycorrhizal 

intensity (MA) and Arbuscule content (Ar). 

Inoculation responsiveness in shoot dry 

weight (IR SDW) of inoculated plants 

relative to control 
Control = not inoculated; AMF W-rot: Inoculated with AMF 

consortium from the field treatment W-rot; AMF CC/Sb: Inoculated 
with AMF consortium from the field CC/Sb treatment; Tch W-rot: 

Inoculated with Trichoderma from the field treatment W-rot; Tch 

CC/Sb: Trichoderma inoculated from the field CC/Sb treatment; 
AMF+Tch W-rot: Inoculated with consortium with AMF and 

Trichoderma from the treatment field W-rot; AMF+Tch CC/Sb: 

Inoculated with consortium with AMF and Trichoderma from the 
field CC/Sb treatment. 

Columns with different letters indicate significant differences in 

mycorrhizal colonization among inoculation treatments (Tuckey, 
p<0.05). Statistical analysis results were similar for MA and Ar. 

Tomato growth increase due to AMF inoculation is 

well-known (Cavagnaro et al., 2007; Mujica Pérez and 

Fuentes Martínez (2012). Thougnon Islas et al., (2014) 

detected slight (not statistically significant) evidences on 

tomato plant growth promotion (IR up to 40%) associated 

with an incipient colonization (23 DAS) by AMF 

indigenous from soybean monoculture systems of 

Argentinean Pampa. In our study, AMF indigenous from W-

rot and CC/Sb increased SDW above 110%, as compared to 

the Control. Our results suggest a growth promoting 

potential by Trichoderma and AMF from rotation systems 

and/or CC/Sb. We also obtained higher IRSDW (above 

60%) after AMF and Trichoderma indigenous dual 

inoculation from rotation and/or with CC/Sb systems, with 

respect to the control (Figure 2). We found tomato plant root 

growth (RFW) and shoot growth (SFW) increases when 

plants were inoculated with AMF+Tch W-rot (inoculum T. 

tomentosum consortium with AMF) and AMF+Tch CC/Sb 

(inoculum T. harzianum consortium with AMF), 

respectively (Table 3). The positive IR after dual 

inoculations found in our experiment is in agreement with 

some reports. Colla et al. (2015), for instance, reported that 

tomato plants inoculated with G. intraradices and T. 

atroviride, showed enhanced growth, as compared to control 

treatments. The increase in root and shoot weight was 

associated with an increased in nutrient uptake (e.g. P, Mg, 

Fe, Zn and B). Martínez-Medina et al. (2011) reported 

growth increases after AMF and Trichoderma dual 

inoculation in melon crop (Cucumis melo). Similarly, 

Parkash et al. (2011) found that both AMF and Trichoderma 

viride single and dual inoculation had a positive effect on 

plant growth and root mycorrhizal colonization in 

Dendrocalamus strictus plants. Moreover, Dubsky et al. 

(2002) reported that AMF and T. harzianum dual 

inoculation increased growth of Cyclamen persicum and 

decreased plant mortality caused by spontaneous infection 

by Cryptocline cyclaminis fungal pathogen.  

 

Figure 3: Mycorrhizal colonization of tomato roots after 

inoculation with arbuscular mycorrhizal fungi 

(40x magnification) 
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In this study, we found that highest Trichoderma 

abundance was recorded after single inoculation with Tch 

W-rot and also with Tch CC/Sb (Table 3). Trichoderma 

abundance decreased in pot substrates that received dual 

inoculation (about 30-40%, Table 3). In contrast, we found 

that AMC of tomato plants was not inhibited by 

Trichoderma since mycorrhizal colonization was higher 

than 40% in all AMF (single and also AMF+Trichoderma) 

inoculated plants (Figure 2); no differences in AMC were 

found between single and dual inoculation from the same 

crop system. Characteristic AMF arbuscules were found in 

inoculated tomato plant roots (Figure 3). Some studies 

showed positive (Datnoff et al., 1995) and neutral (Fracchia 

et al., 1998) interactions between T. harzianum and AMF 

species as Glomus intraradices and G. mosseae, 

respectively. However, detrimental effects of Trichoderma 

on mycorrhizal colonization were reported by Santander and 

Olave (2014), who found that Trichoderma depressed root 

mycorrhizal colonization of melon plants by G. 

intrarradices. In our study, a decrease in the population 

development of T. harzianum around the roots was found in 

the presence of AMF consortium, in agreement with prior 

findings (Sosa Rodríguez et al., 2006; Chandanie et al., 

2009). It is unknown if the release of certain metabolites by 

the AMF can depress the development of Trichoderma. 

Future studies should deepen the knowledge of the 

mechanisms involved in the relations between both fungi in 

co-inoculation. 

It is worth mentioning that some basal mycorrhizal 

colonization and low Trichoderma abundance were found 

even in non-inoculated treatments. We highlight that our 

results were promising since data were obtained from non-

sterile soil conditions. Although the mechanisms and 

interactions of soil microorganisms are not well understood, 

it was suggested that soil microbiota could suppress the 

activity of introduced microorganisms by competition 

(Cook, 1991) and thus could depress inoculation responses. 

Results from our experiment have shown plant growth 

increases, AMF root colonization and Trichoderma 

abundance after inoculation, regardless of native microbiota. 

A possible advantage from non-sterile soil used in this 

experiment, would be that our results resemble field 

conditions.  

In conclusion, we detected highest AMF abundance, 

Trichoderma and AMF diversity in alternative systems to 

soybean monoculture (such as the inclusion of oat as CC or 

rotation systems with wheat and maize).  It is likely that the 

greater SOM provided either by the CC or by the crop 

rotation, has favored greater diversity of soil microbiota in 

general and AMF and Trichoderma in particular. Future 

studies should deepen the understanding of the factors of 

crop management practices that specifically favors the 

abundance and diversity of plant growth promoters 

microorganisms. Furthermore, both single and dual 

inoculation with native fungi from alternative systems to 

soybean monoculture would be important for horticultural 

crops because high inoculation responses were obtained. We 

suggest that root colonization prior to transplanting could 

provide root protection to pest and dryness, and improve 

tomato crop establishment under field conditions, in 

addition to decreasing production costs and environmental 

impacts. 
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