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Abstract

Introduction. In recent years, significant results have been obtained in Cuba in the joint management of efficient
strains of arbuscular mycorrhizal fungi (AMF) and Canavalia ensiformis L., in different types of soils. However, there
are no reports about the effectiveness of strains of AMF in Calcaric Histosol soils, which are highly represented in the
central and eastern areas of the country. Objective. The objective of this research was to compare the effectiveness
of four AMF strains inoculated in C. ensiformis seeds in in Calcaric Histosol soils. Materials and methods. Plants
through seed coatings inoculated and a non-inoculated control were evaluated; C. ensiformis L. was used as plant host
in a complete randomized design with four repetitions per treatment during two consecutive years. Sixty days after C.
ensiformis seeding, the biomass production; N, P and K contents; percentage of total mycorrhizal colonization; and the
reproduction of mycorrhizal spores were evaluated. Results. For all variables, there was a positive and differentiated
response between the different strains, and the highest values (p<0.05) were obtained with the inoculation of
Rhizoglomus intraradices | INCAM-11. The high amounts of spores produced by the inoculation with R. intraradices
/ INCAM-11 were indicative of to the possibilities of using Jackbean as a way to introduce efficient strains in this
edaphic condition. Conclusion. The results obtained allow to include Calcaric Histosol soils, with pH>7.5, in the
group of soils in which R. intraradices /| INCAM-11 behaves as an efficient strain.

Keywords: symbios, green manures, seed inoculation, soil.

Resumen

Introduccion. En los tltimos afios se han obtenido en Cuba importantes resultados sobre el manejo conjunto de
cepas eficientes de hongos micorrizicos arbusculares (HMA) y Canavalia ensiformis L., en diferentes tipos de suelos;
sin embargo, no existen reportes sobre la efectividad de cepas de HMA en suelos Calcaric Histosol, los cuales se
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encuentran altamente representados en las zonas central y oriental del pais. Objetivo. El objetivo de esta investigacion
fue comparar la efectividad de cuatro cepas de HMA inoculadas en semillas de C. ensiformis L., en suelos Calcaric
Histosol. Materiales y métodos. Se evaluaron plantas inoculadas a través de recubrimientos de semillas y un control
no inoculado, se empled como hospedero vegetal C. ensiformis L., en un disefio completamente aleatorizado con
cuatro repeticiones por tratamiento durante dos afios consecutivos. A los sesenta dias de la siembra de C. ensiformis,
se evaluaron la produccién de biomasa, contenidos de N, P y K, porcentaje de colonizacién micorrizica total y
reproduccion de esporas micorrizicas. Resultados. Para todas las variables hubo una respuesta positiva y diferenciada
entre las diferentes cepas y siempre los mayores valores (p<0,05) fueron obtenidos con la inoculacién de Rhizoglomus
intraradices | INCAM-11. Las altas cantidades de esporas producidas por la inoculacion con R. intraradices /
INCAM-11 fueron indicativas de las posibilidades de utilizar Canavalia como via para introducir las cepas eficientes
en esta condicién eddfica. Conclusién. Los resultados obtenidos permiten incluir a los suelos Calcaric Histosol, con
pH>7.5, en el grupo de suelos en los que R. intraradices | INCAM-11 se comporta como una cepa eficiente.

Palabras claves: simbiosis, abonos verdes, inoculacién de semillas, suelo.

Introduction

Mycorrhizal arbuscular symbiosis is widespred in most economically important crops, and approximately 80 %
of plant species establish this type of symbiosis (van-der-Heidjen et al., 2015). Within the ecosystems, this type of
symbiosis is recognized as an adaptation mechanism; it increases the plant’s capacity to absorb nutrients and water,
reduces pathogenic damages, and improving soil aggregates among other effects (Hamel and Strullu, 2006; Pozo and
Azcén-Aguilar, 2007; Willis et al., 2013; Yang et al., 2014; Bagyara et al., 2015). However, it is a current challenge to
achieve the proper management of this symbiosis through the inoculation of efficient strains in agricultural production.

In recent years, positive results have been obtained by the inoculation of efficient strains of arbuscular
mycorrhizal fungi (AMF) in different crops and soil types in Cuba (Rivera et al., 2015). The integration of AMF in
nutrient supply schemes, whether in mineral or organic-mineral fertilizers, has led to decrease in the quantities used,
maintaining high yields and adequate nutritional status (Rivera et al., 2007; Gonzélez et al., 2015; Ruiz-Sanchez et
al.,2016).

The use of inoculated green manures, specifically Canavalia ensiformis L. (jackbean), in nutrient supply schemes
has been successful in recent studies (Martin et al., 2013, Simd et al., 2016), its benefits have been associated not
only with the incorporation and recycling of nutrients present in the biomass, but also with the effective mycorrhizal
symbiosis present in inoculated Jackbean, which significantly increases mycorrhizal propagules in the soil, and
behaves as an effective and economic way to mycorrhizal economic crops in succession.

The basis of the positive effect of permanence of the inoculant applied to the green manure is the generalist
character of the strains of AMF used with the plant species, which means that an efficient strain for a given edaphic
condition establishes an effective symbiosis with any crop dependent on arbuscular mycorrhization (Rivera et al.,
2007). This effect also adds value to the use of green manures in agricultural production.

Although the importance of the soil environment and its pH have been established in the effectiveness of
inoculation of AMF strains in different types of soils (Rivera et al., 2015), and several works have been developed in
Jackbean as host (Martin et al., 2015, Garcia et al., 2017), there are no previous reports that compare the efficiency
of these strains when inoculated with crops in Calcaric Histosol soils of agricultural importance, with pH>7.5 that
abound in the central and eastern regions of Cuba. Therefore, as part of the promotion of the joint use of mycorrhizal
inoculants and Jackbean in Cuban agriculture, this work was developed with the objective of comparing the
effectiveness of four strains of AMF inoculated in C. ensiformis seeds in Calcaric Histosol soils.
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Materials and methods

The experiment was carried out between May and June of 2012 and 2013 with C. ensiformis L. and AMF
in microplots located in the Department of Plant Science of the Instituto de Investigacién de Cultivos de Raices
y Tubérculos Tropicales (INIVIT), located at 22° 35’ N, 80° 18 W and 40 m.a.s.l., in the municipality of Santo
Domingo, province of Villa Clara province, Cuba.

The dimensions of each microplots was 1 m? by 0.60 m deep and were filled with Calcaric Histosol soil (WRB,
2014) from the INIVIT field # 20 and the 0-20 cm deep arable layer. The methodologies described by Paneque et
al. (2010) were used for the characterization of agrochemicals (Table 1), the total content of mycorrhizal spore was
measured by the wet sieving and decanting method according to Herrera et al. (1995).

Table 1. Agrochemical characteristics and initial spore content in the Calcaric Histosol soil (0-20 cm deep). Santo Domingo, province of
Villa Clara, Cuba. 2012.

Cuadro 1. Caracteristicas agroquimicas y contenido inicial de esporas en el suelo Calcaric Histosol (0-20 cm de profundidad). Santo
Domingo, provincia de Villa Clara, Cuba. 2012.

Year pH OM g kg PO, Ca* Mg* K* Spore content
KCl HO mg kg cmol_ kg (spores in 50 g soil)
2 ¢
2012 6.90 7.90 20.77 314 44.61 3.21 0.49 61.0
2013 6.90 7.80 21.77 324 45.15 3.25 051 43.0

pH in H,0O and KCI (KCl solution 1 M) in soil: solution relation (1:2.5) by the potentiometric method. Determination of organic matter
(OM) level by the Walkley-Black method (oxidation of C with K,Cr,07 0.5 M in H,SO, 18 M at 98 %) and estimation with a solution
of 0.25 M of ammonium iron sulphate. Extraction of P with extractlve solution of (NH ), CO with a concentration of 10 g 1" pH 9.0, and
estimation with HC1 0.05 M and methyl orange indicator. Extraction of exchangeable catlons with NHAc 1 M and pH 7 in soil: solution
relation of 1:5 and shaking for 5 min according to the Handbook of analytical techniques for soil and foliar analyses, organic manure
and chemical fertilizers” (Paneque et al., 2010) / pH en H,O y KCI (solucién de KCI 1 M) en la relacién suelo : solucién (1:2,5) por el
método potenciométrico. Determinacién del nivel de materia orgdnica por el método de Walkley-Black (oxidacién de C con K Cr,07
0,5Men H,SO, 18 M al 98 %) y estimaci6n con una solucién de 0,25 M de sulfato de hierro aménico. Extraccién de P con solucién
extractiva de (NH ),CO, con una concentracién de 10 g I, pH 9,0 y estimacién con HC1 0,05 M e indicador de metil naranja. Extraccion
de cationes 1ntercamb1ables con NH Ac 1 My pH 7 en la relacion suelo: solucién de 1:5 y agitacion durante 5 min segtin el Manual de
técnicas analiticas para analisis de suelos y foliares, abono organico y fertilizantes quimicos (Paneque et al., 2010).

According to soil analysis, it showed a slightly alkaline pH, with high concentrations of exchangeable Ca*,
available phosphorus, as well as medium contents of interchangeable K* and Mg?*, and low organic matter, the
latter possibly related to degradation processes by the continuous cultivation. The contents of mycorrhizal spores
were low and possibly due continuous systematic cultivation in the presence of high doses of mineral fertilizers.

Monthly precipitation and average temperatures in the experimental area (Table 2) were adequate for the
Jackbean growth, with the precipitation slightly above the historical average.

Five treatments were studied, consisting of simple inoculation of Jackbean seeds, with four strains of AMF,
and a non-inoculated control. A completely randomized experimental design was used with three replicates, with a
factorial arrangement of 5 x 2 and considering the year as a second factor.

The AMEF species used belonged to the collection of the Instituto Nacional de Ciencias Agricolas (INCA) and
corresponded to the following: Funneliformis mosseae | INCAM-2 (SchiiBler and Walker, 2011); Glomus cubense
/ INCAM-4 (Rodriguez et al., 2011); Claroideoglomus claroideum | INCAM-8 (Schiilller and Walker, 2011), and
Rhizoglomus intraradices | INCAM-11 (Sieverding et al., 2014). The inoculants were produced in solid formulation
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Table 2. Climatic characteristics of the experimental period in the Instituto de Investigacion de Cultivos de Raices y Tubérculos
Tropicales (INIVIT), in Santo Domingo, province of Villa Clara, Cuba, years 2012-2013.

Cuadro 2. Caracteristicas climdticas del periodo experimental en el Instituto de Investigacion de Cultivos de Raices y Tubérculos
Tropicales (INIVIT), en Santo Domingo, provincia de Villa Clara, Cuba, afios 2012-2013.

Year 2012 2013 Historical average
1978-2013
Month (mm) (°C) (mm) °C) (mm) (°C)
May 277.6 254 269.6 251 169.7 253
June 226.0 264 1493 26.8 207.6 26.6
July 170.0 26.5 172.1 26.5 160.9 26.5

Source: The data of the climatological variables corresponding to the experimental period and the historical ones of 32 years were taken
from the Agrometeorological Station No. 326/INSMET and located in the INIVIT itself. mm: monthly accumulated precipitation; °C:
average temperature / Fuente: Los datos de las variables climatolégicas correspondientes al periodo experimental y los histéricos de 32
afios se tomaron de la Estacion Agrometeoroldgica No. 326/INSMET y ubicada en el propio INIVIT. mm: precipitacién acumuladas;
°C: temperatura media.

according to Ferndndez et al. (2000), using Urochloa decumbens Stapf as a plant host and whose spore content
ranged between 25 to 30 g of the product.

Ten Jackbean seeds were sown in each microplot with a sowing distance of 0.5 m between rows and 0.2 m
between plants. Mycorrhizal inoculation was carried out by covering the seeds at 8 % (inoculant / seed) and using
100 ml of water per kg of inoculant (Simo et al., 2016). Sixty days after germination, the content of mycorrhizal
spores in the Jackbean rhizosphere, the percentage of total mycorrhizal colonization, as well as the aerial biomass
of the plants, and the concentration of N, P and K were evaluated.

The methodologies used in the different determinations and evaluations were:

Number of spores in the soil

In each microplot spore extraction was performed following the procedure described by Herrera et al. (1995),
they were counted using a stereoscope and the content was expressed as spores per 50 g of soil.

Total percentage of mycorrhizal colonization

To determine the total percentage of mycorrhizal colonization in C. ensiformis, each microplot was sampling
and 200 mg of fine roots from each sample were used and dried in a thermostatically controlled oven, with forced
ventilation at 70 °C at constant mass. The roots were stained according to the methodology described by Rodriguez
et al. (2015). The evaluation was made under a stereoscope. For the quantification the method of Giovanetti and
Mosse interceptions (1980) was used.

Aerial dry biomass (ADB)

To determine the aerial dry biomass content, all the plants in each microplot were harvested, then the leaves
and stems were separated. The dry mass (DM) in each sample was obtained from the percentage of dry mass of the
aerial tissue, resulting from drying each sample in a thermostatically controlled stove, with forced ventilation at
70 °C, until reaching a constant mass, the values were expressed in g m™. The quantities of leaves and stems from
each plot were added together and expressed in g per microplot.
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Concentration of N, P and K

The concentration of N, P and K was obtained from tissue samples of dry sprouts, which were subjected to
wet digestion with H,SO +Se (Kjeldahl method), the result was expressed in mg g''. Nessler’s method was used to
determine N, aminonaphthol sulfonic acid for P and flame photometry for K (Paneque et al., 2010).

Estimated extraction of N, P,O, and K,O

The N, P,0,, and KO extracted (g m?) were determined as the concentrations of the elements (g kg™') and the
dry mass (g) in each organ studied, it was calculated by the following formula:
Extraction = MS x element concentration x gravimetric factor (1.2 for K O and 2.29 for P,O,).

The quantities corresponding to leaves and stems in each plot were summed and expressed in g per microplot.

Statistical procedure

Once the assumptions of normality and homogeneity of variance of the data were verified, the results to
determine the effectiveness of the mycorrhizal inoculation were processed as a completely randomized design
with a factorial arrangement of 5 x 2. The factors and their respective levels were: AMF strains (four strains and
one uninoculated control) and years (two). Tukey’s multiple range test (p<0.05) was used as comparison criterion.

A regression analysis was performed to determinate the degree of mycorrhizal function obtained in each
treatment, using the information obtained during the two years of work on the percentage of colonization, dry mass
production, concentrations of N, P and K and number of mycorrhizal spores.

Results

Factorial analysis of all variables showed that there was no significant interaction between the main factors
(AMF strains and years). The influence of AMF strains and years factors were significant. The results of the AMF
strains factor are presented as they respond directly to the objectives of the work.

Mycorrhizal inoculation had a positive effect (p<0.05) on the Jackbean biomass production, NPK contents
and primary macronutrients extraction (Table 3) with a differentiated response (p<0.05) between AMF strains. The
plants inoculated with R. intraradices /| INCAM-11 recorded the highest concentrations and extractions of biomass
and nutrients with significant differences (p<0,05) with respect to the rest of the treatments.

Of the remaining species, inoculation with G. cubense /| INCAM-4 also had a positive effect with significant
differences (p<0.05) compared to the other species, except for the N content in which it did not differ from those
obtained by the inoculation of G. claraideum / INCAM-8. The inoculation with the F. mosseae / INCAM-2 strain
showed a much lower behavior than the other, with values similar to the control treatment.

Likewise, a significant (p<0.05) and a varied effect of inoculation with AMF strains on mycorrhizal colonization
percentages and spore content was found (Table 4), the highest values were always obtained with the inoculation of
R. intraradices | INCAM-11 strain, with total mycorrhizal colonization percentages higher than 60 % and a 5.5-fold
increase in spore content in the crop rhizosphere with respect to non-inoculated control. The rest of the strains presented
a behavior similar to that obtained in the variables of biomass and macronutrient content.

In general, the following behavior was obtained with respect to the response or efficacy of the AMF strains
studied in each of the evaluated variables: R. intraradices | INCAM11 > G. cubense | INCAM4 > C. claroideum /
INCAMS > F. mosseae /| INCAM?2 = control.
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Table 3. Effect of the inoculation with four strains of arbuscular mycorrhizal fungi on biomass production, concentration, and extraction
of macronutrient by C. ensiformis L. sixty days after sowing in each microplot. Calcaric Histosol soil of Santo Domingo, province of
Villa Clara, Cuba, years 2012-2013.

Tabla 3. Efecto de la inoculacién con cuatro cepas de hongos micorrizicos arbusculares sobre la produccion de biomasa, la
concentracion y la extraccion de macronutrimentos por C. ensiformis L. a los sesenta dias de la siembra en cada microparcela. Suelo
Calcaric Histosol de Santo Domingo, provincia de Villa Clara, Cuba, afios 2012-2013.

Treatment AB Concentration (g kg™') Extraction (g m?)
(g m?) N P K N PO, K,0

Control 328d 216 ¢ 145e 1524d 709 d 109d 1143 d
F. mosseae (INCAM-2) 335d 218 ¢ 1.57d 1544d 730d 11.9d 121.5d
C. claroideum (INCAM-8) 433 ¢ 22.7b 173 ¢ 163 ¢ 978 ¢ 172 ¢ 1609 ¢
G. cubense (INCAM-4) 532b 23.1b 1.87b 16.8 b 123.1b 224b 2052 b
R.intraradices INCAM-11) 6.02 a 248 a 197 a 17.7 a 1492 a 269 a 2442 a
S.= 0.06%* 0.19%* 0.02%* 0.10%* 1.68** 0.32%* 2.90%*

**(p<0.01) meaning of the ANOVA. The different letters in each column express differences (p<0.05) according to Tukey’s test. AB:
aerial dry biomass / ** (p<0,01) significancia del ANOVA. Las diferentes letras en cada columna expresan diferencias (p<0,05) segtin
la prueba de Tukey. AB= biomasa seca aérea.

Table 4. Inoculation effect with four strains of arbuscular mycorrhizal fungi on the total mycorrhizal colonization, and the spore content
in the Jackbean rhizosphere at sixty days of sowing. Calcaric Histosol soil of Santo Domingo, province of Villa Clara, Cuba, years
2012-2013.

Tabla 4. Efecto de la inoculacién con cuatro cepas de hongos micorrizicos arbusculares en la colonizacién micorrizica total y el
contenido de esporas en la rizosfera de Canavalia a los sesenta dias de la siembra. Suelo Calcaric Histosol de Santo Domingo, provincia
de Villa Clara, Cuba, anos 2012-2013.

Treatment Colonization (%) Counting of spores
(spores in 50 g soil)

Control 13.67 ¢ 101.33d

F. mosseae (INCAM-2) 19.67d 109.00 d

C. claroideum (INCAM-8) 30.17 ¢ 23033 ¢

G. cubense. INCAM-4) 4633 b 309.00 b

R. intraradices INCAM-11) 61.67 a 564.50 a

S_= 0.43%%* 13.41%%*

** (p<0.01) meaning of the ANOVA. The different letters in each column express differences (p<0.05) according to Tukey’s test / **
(p<0.01) significancia del ANOVA. Diferentes letras en cada columna expresan diferencias (p<0.05) de acuerdo con la prueba de Tukey.

Not only the inoculation with the R. intraradices /| INCAM-11 strain reached the highest response in all
evaluated variables, but high and significant determination coefficients were established, in the different treatments,
between the percentages of total mycorrhizal colonization and the rest of the variables (Figure 1).

The scatter plots and mathematical functions found for biomass (Figure 1A), P concentration (Figure 1C)
and K concentration (Figure 1D), it seems to show a stabilization of the variables with the highest colonization;
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Figure 1. Relationships between the percentages of mycorrhizal colonization with the production of biomass (A); the contents of N
(B), P (C), K (D); and with the number of mycorrhizal spores reproduced (E) in a Calcaric Histosol soil of Santo Domingo, province
of Villa Clara, Cuba, years 2012-2013.

Figura 1. Relaciones entre los porcentajes de colonizacién micorrizica con la produccién de biomasa (A), los contenidos de N (B), P
(C), K (D) y con el nimero de esporas de micorrizas reproducidas (E), en un suelo Calcaric Histosol de Santo Domingo, provincia de
Villa Clara, Cuba, afios 2012-2013.

however, spores production (Figure 1E) and N content (Figure 1B) it seems to show a different behavior, since they

did not suggest a stabilization, but an incremental increase with the highest values of mycorrhizal colonization.

Discussion

The positive effect of the inoculation with R. intraradices /| INCAM-11 on the biomass and nutritional
contents of Jackbean was explained by the establishment of an effective arbuscular mycorrhizal symbiosis and its
beneficial effects on nutrient uptake (Willis et al., 2013; Yang et al., 2014) and thus on crop biomass production.

The percentage of mycorrhizal colonization found in treatments with R. intraradices was around 60 %, a result that
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has been indicative of an efficient mycorrhizal functioning in most crops (Rivera et al., 2007) and in the Canavalia
itself (Martin et al., 2015; Garcia et al., 2017). Several Cuban authors have reported similar effects on mycorrhizal
functioning, nutritional status and yields by inoculating different crops with efficient strains of AMF in different
types of soils (Ruiz et al., 2012; Gonzélez et al., 2015; Simo et al., 2016). Specifically, positive results have been
reported for inoculation of the R. intraradices | INCAM-11 strain in different crops, such as grasses, bananas,
Jackbean, cassava, rice, beans, among others, and types of soils and substrates, provided that the pH of these, in the
depth of the soil in which the roots grow, is greater than seven (Rivera et al., 2015; Gonzdlez et al., 2016; Jodo et
al., 2016; Ruiz-Sanchez et al., 2016; Sim6-Gonzalez et al., 2017). The order of effectiveness of the different strains
found in this work was also similar to that reported by previous authors in soils with light alkalinity conditions (pH
between 7 and 8), suggesting that the strains respond differently and reproducibly to soil conditions.

Whit the inoculation of the F. mosseae / INCAM-2 strain there was no positive response, similar to that found
in different crops in soils with pH=7.4 (Goransson et al., 2008; Gonzdlez et al., 2016). Therefore, it appears that
in the Calcaric Histosol soils whose soil reaction will always be higher than pH>7.5 the criteria obtained between
the efficacy of the evaluated AMF strains and the soil pH are also met (Rivera et al., 2015), with R. intraradices /
INCAM-11 being an efficient AMF strain in these soil conditions.

To control the distribution and consequent adaptation of the resident AMF species in agroecosystems, several
authors (Goransson et al., 2008; Oehl et al., 2010) have pointed out the importance of soil and pH, these reports
did not include inoculation of AMF strain and therefore could not evaluate the influence of pH on the efficacy of
these strains.

The high values of mycorrhizal spores produced by the inoculation with R. intraradices /| INCAM-11, are an
indicator of effectiveness of the behavior of this strain under the conditions under study, they are also an indication of
the ability of jackbean to reproduce mycorrhizal spores associated with the inoculation of the efficient strain. Similar
increases in spore values have been found when inoculating Jackbean with efficient strains of AMF in different soil by
Martin et al. (2009), Pentén et al. (2016), and Sim6 et al. (2016), which also reported a significant effect of permanence
of the inoculant applied on the subsequent crop and related this permanence effect to the high reproduction of the
spores, although the spores are not the only mycorrhizal propagules under these conditions (Willis et al., 2013).

The high determination coefficients obtained between the percentages of total mycorrhizal colonization and
the rest of the variables indicated the importance of mycorrhizal functioning on the nutritional state of Jackbean
and biomass production, which suggest that the differences in the effectiveness of the strains were a consequence
of the different degrees of colonization reached with each one of them.

The high relationship between the colonization percentages and spore production could be due to the causal
relationship between both variables, since the plants are first to be colonized, which causes the appearance of
functioning mycorrhizal spores (Willis et al., 2013), but also indicates the importance of the spore number indicator
as a criterion for mycorrhizal functioning.

Although some authors have reported that the inoculated strains cause greater growth and percentage of
colonization, but these are not the ones that reproduce more spores (Chauhan et al., 2012); other authors (Furralzola
et al., 2016) evaluated under natural conditions different species of grasses have not found a direct relationship
between the percentages of colonization and spores, which is explained by the different reproductive capacity
of the crops (Bever et al., 1996), as well as, possibly, in the different physiological state of them. Another effect
occurs when comparing the effects of the inoculation of different generalist strains in the same crop. In several
studies carried out in Cuba it has been found that the most effective strains have not only had a greater response
in the biomass production and yield, with higher percentages of colonization, but also with more spores per g of
soil (Martin et al., 2009; Gonzalez, 2014; Martin et al., 2015; Gonzalez et al., 2016; Garcia et al., 2017). This is
reinforced by the fact that the number of mycorrhizal spores is considered an adequate indicator to know the extent
of the effect of permanence of the inoculant applied in Uroclhoa plantations (Gonzalez, 2014).
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Although the increases in spore production depends on the percentage of colonization, this is also a
consequence of the number of mycorrhizal roots (Rivera et al., 2010; Gonzdlez, 2014). Both variables participate in
spore production rate colonization increases. N content also behaved similarly, but in this case, can be explainable
by the increase in biological nitrogen fixation (BNF), and therefore in N content, associated with the presence of an
effective mycorrhizal symbiosis in legumes and a positive interaction between both symbiosis (Chalk et al., 2006;
Yasmeen et al., 2012; Bulgarelli et al., 2017).

The different mycorrhizal colonization capacities found in the strains studied appear to be a consequence of
the influence of the soil environment and presumably the pH (Rivera et al., 2015); however, there is no clarity as
to the specific mechanism by which these factors influence the effectiveness of the strains.

Conclusions

Inoculation of Jackbean with the strain R. intraradices | INCAM-11 on Calcaric Histosol showed the greatest
effects on biomass production, nutritional status and mycorrhizal function indicators, with higher results than when
inoculate with G. cubense / INCAM-4, G. claroideum /| INCAM-8 and F. mosseae | INCAM-2.

The high amounts of mycorrhizal spores associated with the inoculation of Canavalia with R. intraradices
/ INCAM-11 in this soil condition were indicative of the possibilities of using inoculated Jackbean as a way of
subsequent mycorrhizal culture in this soil type.
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