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ABSTRACT 

An experiment was carried out with the objective of evaluating the effect of 

biofertilization with the plant growth promoting bacteria Azospirillum brasilense and the 

arbuscular mycorrhizal fungus Rhizoglomus irregulare in Brachiaria hybrid grass cv. 

Mulato II cultivated in a Mollic Carbonated Cambisol. It included four treatments formed 

by the inoculation, alone and in combination, of both microorganisms plus a control 

without inoculation, in a Latin Square design. The inoculum with R. irregulare had a 

concentration of 30 g-1spores and was applied by the method of coating the seeds, while 

A. Brasilense, with a concentration of 109 CFU mL-1, was applied by embedding the seeds 

at the time of planting, and at a rate of 20 L ha-1after the first cut. Four cuts were made, 

at intervals of 60 and 90 days in the rainy and dry season, respectively. R. irregulare 

increased the frequency and intensity of mycorrhizal colonization, as well as the number 
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of spores in the rhizosphere, although the greatest results were achieved when applied 

with A. brasilense. Biofertilizers separately increased the growth of the aerial and radical 

part of the plants, the nitrogen concentrations in the aerial biomass and the dry mass yield 

of the grass, but the higher values of these variables, as well as the greater contribution 

of the biofertilization in Nitrogen grass nutrition was obtained with its joint application. 

The effect of biofertilization was maintained for one year. 

Key words: rhizobacteria, arbuscular mycorrhiza, growth, nutritional status, forage 

yields 

 

INTRODUCTION 

Pastures and forages are the cheapest sources of food for cattle, so obtaining high volumes 

of biomass of sufficient quality to meet the nutritional requirements of animals continues 

to be a first-rate need for the livestock sector. 

The fertilization of pastures and fodder crops contributes to increasing the biomass supply 

per unit area and time, and consequently, animal production. In this way, not only are the 

nutrients extracted from the soil restored through the feed consumed by livestock, but 

their nutritional value and persistence are also improved (1,2). 

Studies on pasture fertilization, until a few years ago, focused mainly on increasing 

biomass production per unit area. However, the increasing increase in fertilizer prices, 

together with the need for environmentally friendly technologies, imposes the design of 

fertilization strategies that guarantee adequate nutrition for these crops, decrease the use 

of external inputs, and at the same time, ensure the protection of natural resources (3,4). 

Such strategies include biofertilization, due to its potential to increase the yields of 

agricultural crops, improve the biological properties of the soil and reduce the use of 

mineral fertilizers (5,6); therefore, the obtaining and use of biofertilizers to increase the 

efficiency of the use of nutrients and promote the growth of plants continues to be studied.  

The cultivation of forage species of the Brachiaria genus, specifically B. hybrid cv. 

Mulato II, has been spreading in tropical areas due to its high potential for biomass 

production and nutritional value for livestock feed; however, their fertilizer requirements 

to achieve high yields are usually high (7). 

The use of associative bacteria of the genus Azospirillum has been shown to contribute to 

improving the performance of forage Poaceae. Not only for their ability to fix atmospheric 

nitrogen and their contribution to reducing the need for a supply of this nutrient via 
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fertilization, but also for other benefits such as the production of phytohormones, the 

solubilization of phosphates, the biocontrol of pathogens and the protection of plants 

against abiotic stresses (8-10). 

On the other hand, arbuscular mycorrhizal fungi (AMF) are integral components of the 

rhizosphere of grasses, whose plants remain closely associated through a network of 

interconnected hyphae that increase the volume of soil explored by the roots and facilitate 

the absorption of the nutrients and water (11,12). In addition, to other services, such as 

increased tolerance to water stress, protection against pathogens, and restoration of 

photosynthetic tissues after defoliation (13). In fact, the management of biofertilization 

with these edaphic microorganisms has also yielded positive results in increasing yields 

and improving nutrient absorption from pastures (14,15). 

However, studies on the joint management of biofertilization based on associative 

bacteria and AMF in pastures and forage crops are not abundant, despite the possible 

advantages of the introduction of both microorganisms in the nutrient supply schemes of 

these crops (16,17). 

Based on such premises, the present work was carried out, with the objective of evaluating 

the response of Brachiaria hybrid cv. 36087 (Mulato II) to the simple and combined 

application of biofertilizers based on the rhizobacterium Azospirillum brasilense and the 

species of AMF Rhizoglomus irregulare. 

 

MATERIALS AND METHODS 

An experiment was carried out in the Typical Vaquería 23 of the Basic Unit of 

Cooperative Production Juan Oramas, located in Guanabacoa municipality, Havana 

province, at 2º 08 'north latitude and 82º 11' west longitude, on a Brown soil Fluffy 

Carbonate (18), whose main chemical characteristics are presented in Table 1. 

 

Table 1. Chemical characteristics of the soil (depth: 0-20 cm) 

pH 

H2O 

OM 

(%) 

P2O5 

(mg 100 g-1) 

Ca2+ Mg2+ Na+ K+ CIB 

(cmolc kg-1) 

7.7 3.85 122 50.8 5.0 0.32 0.99 59.09 

(0.1) (0.20) (18) (2.4) (0.9) (0.09) (0.12) (3.75) 

OM: organic material. CIB: base Exchange capacity. Values in parentheses indicate confidence intervals (α=0.05) 
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The soil had alkaline pH, medium and high contents of organic matter (OM) and 

assimilable phosphorus, respectively, as well as high base exchange capacity (CIB), 

highlighting within these, the high values of interchangeable Ca and K (19). 

The behavior of rainfall and temperature during the period in which the experiment was 

conducted are shown in Figure 1. 

 

 

Figure 1. Behavior of rainfall and temperature during the run period of the experiment 

 

During the time the experiment was conducted (May 2015-April 2016), the total 

precipitation was 1187 mm, of which 75 % occurred during the rainy period (May and 

October 2015) and the rest, between November 2015 and April 2016 (20). 

Four treatments were evaluated, consisting of a control without biofertilization, and the 

single and combined applications of biofertilizers based on the rhizobacteria A. brasilense 

and the species of R. irregulare AMF, in a Latin square design. The plots constituted the 

experimental unit, and had a total area of 21 m2 and a calculation area of 14 m2. 

The soil was prepared by mowing (plowing), harrowing, crossing (plowing) and 

harrowing, at intervals of approximately 25 days between each one. The sowing of the 

grass was carried out in May 2015, in rows 50 cm apart and by dripping, with a dose of 

10 kg of total seed ha-1 (1 kg of pure germinable seed ha-1) and at a depth of 1.5 cm. 

Before sowing, 10 soil samples were taken with an auger by the zigzag method, at a depth 

of 0-20 cm, to which the pH in H2O was determined (potentiometry, soil-water ratio 1: 

2.5). The contents of organic matter (Walkley and Black), assimilable P (extraction with 

H2SO4 0.05 mol L-1 and colorimetric determination), interchangeable cations [extraction 
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with NH4Ac 1 mol L-1 pH 7 and determination by complexometry (Ca and Mg) were 

determined. As well as, flame photometry (Na and K)], and the CIB (sum of 

interchangeable bases) were determined according to the analytical techniques 

established in the soil and plant laboratory of the National Institute of Agricultural 

Sciences (INCA) (21). 

For biofertilization with A. brasilense, the commercial product Nitrofix®, from the Cuban 

Institute for Research on Sugar Cane Derivatives (ICIDCA) was used, which contained 

the 8I strain, with a concentration of 109 CFU ml-1. A solution composed of a mixture of 

biofertilizer and water in a 1:10 ratio was prepared, in which the seeds were immersed 

for 15 minutes. Subsequently they were extracted and dried in the shade, and planting 

was carried out. 30 days after sowing, a mixture of the biofertilizer and water was 

prepared in the proportion already described, and it was applied to the soil, very close to 

the furrows, using a manual backpack at a rate of 20 L ha-1 of Nitrofix®. 

For the application of the mycorrhizal biofertilizer, the INCAM-11 strain of the AMF 

species Rhizoglomus irregulare (22) from the INCA collection was used. The inoculum 

was multiplied in a clay substrate autoclaved at 120 °C for one hour for 3 days, with the 

use of Brachiaria decumbens cv. Basilisk as a host plant, and contained 30 spores per 

gram of substrate, as well as abundant fragments of rootlets and hyphae of the fungus. 

The inoculation was carried out by the seed coating method, for which the seeds were 

immersed in a fluid paste, made by mixing a quantity of solid inoculum equivalent to  

10 % of the weight of the seeds and water, in a proportion of 60 mL of water for every 

100 g of inoculum. The seeds were after drying in the shade, sown. In the treatment where 

both biofertilizers applied together, the product containing A. brasilense was added to the 

water used to prepare the mycorrhizal inoculant for planting, maintaining the same 

inoculum-water ratio. Fertilizers were not applied in the experiment. 

Four cuts were at a height of 10 cm made from the soil surface, the first two at 90 and 

150 days after planting, both in the rainy season, and the others at 90-day intervals, 

coinciding with the least period rainy. In each cut, the fresh mass of the aerial part of the 

grass that occupied the calculation area of the plots was weighed and samples of 200 g 

were taken. These were taken to an air circulation stove at 70 ºC for 72 hours, to determine 

the percentage of dry mass, estimate the yield of dry mass, and the concentrations of  

N, P, K in the biomass (21). 

At the time of each cut, at five points in the calculation area of each plot, the height of the 

canopy was measured using a graduated ruler, and the reading point was considered, the 

http://ediciones.inca.edu.cu/


Pedro J. González-Cañizares, Reynerio Reyes-Rouseaux, Delio Fernández-Milanés, Ana Nelis San Juan-Rodríguez, Daisy Dopico-Ramirez,  

Juan F. Ramírez-Pedroso y Luis R. Fundora-Sánchez 

 

 

point where most of the leaves lost their vertical position. In the second and fourth cut, 

framed in the rainy and dry season, respectively, three sub-samples of roots and soil were 

taken from the rhizosphere at a depth of 0‒20 cm, using a cylinder metallic 5 cm in 

diameter and 20 cm high. The sampling points were equidistant distributed and separated 

10 cm from the grooves. 

The subsamples were homogenized to form a sample composed of a plot, from which  

1 g of rootlets was extracted for staining and clarification (23). The frequency of 

mycorrhizal colonization was using the intercepts method evaluated (24), the visual density 

or intensity of colonization (25), and the number of spores in the rhizosphere, from the 

sieving and decantation of these structures by the wet route and its observation under a  

microscope (26). 

Root density was determined just before the second cut; to do this, at three equidistant 

points located in the calculation area of each plot and 10 cm from the furrow, a vertical 

cut of the soil was made to a depth of 25 cm, and a metal cylinder 5 cm in diameter and 

20 cm in diameter length was inserted. The soil contained in each cylinder was deposited 

in a glass container, running water was added and manually stirred until the coarse 

aggregates were dissolved, and then it was passed through a 0.5 mm sieve. The roots 

collected in the sieve were washed again to remove soil remains, air-dried and placed in 

a stove at 70 ºC until a constant mass was obtained. 

Statistical data processing was performed using analysis of variance and Duncan's 

multiple range test (27) at p<0.05. In the variables corresponding to the chemical 

characterization of the soil, as well as in those whose results are shown in graphs, the 

confidence interval of the means (α=0.05) was used as a dispersion statistic or as a 

criterion for comparison (28). In all cases, the statistical program SPSS 25 was used (29). 

 

RESULTS AND DISCUSSION 

Figure 2 shows the influence of treatments on fungal variables. Both in the rainy and in 

the rainy period, with the inoculation of R. irregulare, a significant increase in the 

frequency and intensity of mycorrhizal colonization (visual density) was found, as well 

as the number of spores in the rhizosphere. However, the greatest effects were observed 

with the coinoculation of A. brasilense and R. irregular. It can be attributed to a positive 

effect of the growth-stimulating substances produced by A. brasilense in increasing the 

length and branching of the roots and consequently, in the increase of colonization sites, 
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as well as the stimulation of these substances in the formation and multiplication of 

mycorrhizal structures (16,30). 

The values of the fungal variables were higher in the rainy period than in the dry period, 

probably due to the seasonality of the biomass production of the grass. During the rainy 

season, a rapid growth of the pastures occurs due to the higher levels of rainfall and 

temperature, as shown in Figure 1. Both factors, together with the increase in  

luminosity (31,32), lead to the absorption of a greater quantity of nutrients for the formation 

of biomass and consequently, the formation of greater amounts of mycorrhizal structures 

to guarantee the access of the plants to the soil resources (33,34). 

 

 

Means with confidence intervals that overlap each other do not differ significantly (α=0.05) 
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Figure 2. Effect of treatments on fungal variables. The vertical bars show the confidence 

interval 

Table 2 shows the effect of biofertilization on macronutrient concentrations (N, P and K) 

in the pasture biomass of the pasture. Both in the rainy and in the rainy period, the separate 

application of both biofertilizers increased the concentrations of N in relation to the non-

inoculated treatment (control), although between both treatments, the highest values 

corresponded to A. brasilense but the greatest effects were found with the joint application 

of biofertilizers. 

 

Table 2. Effect of treatments on the concentrations (g kg-1MS) of K, P and K in the aerial 

biomass 

Treatments Rainy season Little rainy season 

N P K N P K 

Control 11.2 d 2.3 17.3 12.1 d 2.6 18.5 

A. brasilense 14.3 b 2.4 18.5 15.5  b 2.5 19.3 

R. irregulare 12.7 c 2.3 17.4 13.7  c 2.4 18.7 

A. brasilense + R. irregulare 15.7 a 2.5 18.2 16.9 a 2.5 19.5 

ES 0.3** 0.1 0.2 0.3** 0.1 0.4 

A. brasilense: inoculation with Azospirillum brasilense; R. irregulare: inoculation with Rhizoglomus irregulare. Averages with 

different letters in the same column differ significantly at p<0.05 (Duncan, 1955) 

 

When evaluating the participation of biofertilizers in the increase of nitrogen 

concentrations in biomass (Figure 3), a similar result was observed; that is, the application 

of one or the other biofertilizer alone improved grass nutrition with this nutrient during 

both periods, although the highest values corresponded to treatment with A. brasilense. 

However, the greatest participation was achieved with the joint application of both 

biofertilizers. 
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Participation (%)=[(N concentration (g kg-1) in the aerial biomass of the biofertilized treatment - N concentration (g kg-1) of the 

control aerial biomass)/ N concentration (g kg-1) of the above-ground biomass of the inoculated treatment] x 100 

The vertical bars show the confidence interval. Means with confidence intervals that overlap each other do not differ significantly 

(α=0.05) 

Figure 3. Participation of biofertilizers in increasing N concentrations in biomass 

 

Forage poaceae require significant amounts of N to improve their yield and nutritional 

value (7,35), and judging by the organic matter content, the concentrations of N in the soil 

where the experiment was carried out were not sufficient to satisfy the demand of the 

crop. ; Furthermore, no nitrogen fertilizer was applied in the experiment. Furthermore, 

AMF has been shown to actively participate in the transfer of N from the soil to the host 

plant (36). From these premises, a positive effect of inoculation with R. irregulare on the 

absorption of N, on the increase in the concentrations of this element in the above-ground 

biomass, as observed in Figure 3, could be expected, and consequently , an improvement 

of the nitrogen nutrition of the grass. 

With respect to inoculation with A. brasilense, it is known that this microorganism can 

fix significant amounts of N in grass species of the Brachiaria genus (8,37), so that this 

could explain its greater effect in increasing concentrations of N in biomass and its 

greatest contribution to nitrogen nutrition, in relation to R. irregulare. However, the fact 

that both variables have reached the highest values with the treatment where the 

microorganisms were applied jointly reflects a complementary effect of the same in 

improving the nitrogen nutrition of the grass. 

The treatments had no effect on the concentrations of P and K in the above-ground 

biomass, which was in correspondence with the high contents of both elements in the soil 

(Table 1); in fact, this was a criterion for deciding not to apply phosphoric or potassium 

fertilizer in the experiment. 
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Table 3 shows the effect of the treatments on some indicators of growth and dry mass 

DM yield of the aerial part of the grass. As in the variables previously analyzed, a 

significant effect of biofertilization was found on canopy height and DM yield, both in 

the rainy season and in the least rainy season, as well as on the grass root density.  

When comparing the results obtained with the application of these microorganisms 

separately, the inoculation with A. brasilense showed higher values than those achieved 

with R. irregulare in these variables, although the greatest effects were obtained with the 

joint application of both biofertilizers. 

The effect of the treatments on the growth and yield of the pasture seems to be related to 

the influence of biofertilizers on the concentrations of N in the biomass of the aerial part 

of the plants. It is known that, of all the mineral nutrients, this element is, quantitatively, 

the most important for forage crops (7,38). Thus, the improvement of nitrogen nutrition 

caused by the application of biofertilizers, as observed in the previous table could have 

favorably affected canopy height and root growth, and consequently, grass yield. 

 

Table 3. Effect of treatments on canopy height, root density and dry mass (DM) yield of grass 

Treatments Rainy season Little rainy season 

Height 

(cm) 

Density of 

roots 

(g m-2) 

DM 

(t ha-1) 

Height 

(cm) 

DM 

(t ha-1) 

Control 42.3 d 522.7 d 9.02 d 19.9 d 3.13 d 

A. brasilense 89.7 b 781.3 b 11.58 b 45.7  b 5.52 b 

R. irregulare 64.5 c 653.5 c 10.23 c 32.2  c 4.34 c 

A. brasilense + R. irregulare 110.5 a 927.8 a 12.74 a 59.3 a 6.33 a 

ES 4.9** 27.1** 0.39** 2.0** 0.25** 

A brasilense: inoculation with Azospirillum brasilense; R. irregularulare: inoculation with R. irregularulare. ES: standard error. 

Averages with different letters in the same column differ significantly at p<0.05 (Duncan´s test) 

 

In the case of A. brasilense, in addition to its contribution to the biological fixation of N 

previously mentioned, this microorganism also exerts different growth stimulation 

mechanisms through the production of phytohormones, mainly indolacetic acid and 

gibberellins, which modifies the metabolism of plants and leads to better uptake of water 

and minerals (8,39). This could also explain its greater influence on grass growth, in relation 

to R. irregulare. 

With regard to AMF, several authors have found a positive effect on N concentrations in 

the biomass of the aerial part of pastures inoculated with efficient strains. It is from an 

increase in the use of this element, given both by the increase of the radical surface of 
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plants; such as by the formation of mycorrhizal structures that allow access to this and 

other soil resources (36), which could be influencing the results, obtained. 

It is interesting to note that the adding of R. irregulare has been effective in improving 

the concentrations of N in the biomass of the aerial part, the growth and the yield of the 

pasture, despite the high concentrations of P in the soil. Some works report that the effect 

of mycorrhizal inoculation can be in the presence of high contents of this element 

inhibited (40). However, others have found that plants inoculated with efficient AMF 

strains can achieve effective mycorrhizal function even in soils with high concentrations 

of P, if other nutrients limit their growth and development (41). 

 

CONCLUSIONS 

 Biofertilization with A. brasilense and R. irregulare constitutes an effective 

alternative to improve nitrogen nutrition and yield of B. hybrid cv. 

 Mulato II, at least during the first year of its application. The best benefits are 

obtained with the joint application of both microorganisms.  

 It is suggested to carry out studies to evaluate its contribution to the reduction of 

the application of fertilizers, mainly nitrogenous ones. 
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