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RESUMEN. Con el objetivo de evaluar el efecto de la 
inoculación micorrízica arbuscular en la rehabilitación de 
un pastizal de guinea (Megathyrsus maximus cv. Likoni), se 
llevó a cabo un experimento sobre un suelo Ferralítico Rojo 
Lixiviado. Se utilizó un diseño completamente aleatorizado 
con seis tratamientos: control, la rehabilitación mecánica 
con arado y grada, sola y combinada con las aplicaciones 
de 25 t ha-1 de estiércol vacuno y 100 kg ha-1 de N; con la 
inoculación micorrízica de la especie Glomus cubense más la 
aplicación del 50 y el 70 % de las dosis de estiércol vacuno 
y N, respectivamente, y con la inoculación micorrízica más 
el 100 % de las dosis de ambos fertilizantes. Se evaluó el 
rendimiento de masa seca, altura de las plantas y el porcentaje 
de área cubierta por el pasto, así como las variables relacionadas 
con el funcionamiento micorrízico (frecuencia e intensidad 
de la colonización y contenido de esporas en la rizosfera) y 
los contenidos de proteína bruta (PB), fibra neutro detergente 
(FND) y digestibilidad de la materia orgánica (DMO). La 
inoculación con G. cubense se integró satisfactoriamente 
en las labores de rehabilitación. Los mayores beneficios se 
obtuvieron cuando se combinó con el 50 y el 70 % de la dosis 
del estiércol vacuno y fertilizante nitrogenado que, en ese orden, 
produjeron los mayores beneficios en la recuperación del pasto 
no inoculado. El efecto de G. cubense se mantuvo al menos 
hasta los 270 días después de su aplicación.

ABSTRACT. In order to evaluate the effect of arbuscular 
mycorrhizal inoculation on the rehabilitation of a guinea 
grassland (Megathyrsus maximus cv. Likoni), an experiment 
was carried out on Ferralitic Red Leachate soil. A completely 
randomized design was used with six treatments: control, 
mechanical rehabilitation with plow and harrow, alone and 
combined with the applications of 25 t ha-1 of cattle manure 
and 100 kg ha-1 of  N; with the mycorrhizal inoculation of the 
Glomus cubense species plus the application of 50 and 70 %  
of the doses of cattle manure and N, respectively, and with 
mycorrhizal inoculation plus 100 % of the doses of both 
fertilizers.The dry mass yield, plant height and percentage 
of grass area, as well as variables related to mycorrhizal 
functioning (frequency and intensity of colonization and 
spore content in the rhizosphere) and the contents of Crude 
protein (PB), neutral detergent fiber (FND) and organic 
matter digestibility (BMD) were evaluated. Inoculation with 
G. cubense was successfully integrated into the rehabilitation 
work. The greatest benefits were obtained when combined 
with 50 and 70 % of the dose of cattle manure and nitrogen 
fertilizer that, in that order, produced the greatest benefits 
in the recovery of uninoculated pasture. The effect of  
G. cubense was maintained until at least 270 days after its 
application.
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INTRODUCTION
Rehabilitation is one of the ways to return 

degraded pastures to their productive capacity. 
This  can be achieved through mechanica l 
work together with the application of mineral 
o r  o r g a n i c  f e r t i l i z e r s ,  w h o s e  b e n e f i c i a l 
effects in the improvement of soil conditions,  
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Table I. Chemical characteristics of the soils 
(depth: 0 - 20 cm)

MO: organic matter, CCB: base exchange capacity

pH
H2O

MO
(%)

P2O5 Ca2+ Mg2+ Na+ K+ CCB

(mg  100 g-1)  (cmolc kg-1)

6,2 3,27 2,3 9,9 2,0 0,15 0,32 12,37

Table II. Description of treatments
No. Descripción
1 Control
2 Rehabilitación mecánica
3 Rehabilitación mecánica + 25 t ha-1 de estiércol vacuno 

+ 100 kg ha-1 año-1 de N
4 Rehabilitación mecánica + aplicación de inoculante 

micorrízico a razón de 4 x 105 esporas ha-1

5 Rehabilitación mecánica + aplicación de inoculante 
micorrízico a razón de 4 x 105 esporas ha-1 + 12,5 t ha-1 
de estiércol vacuno + 70 kg ha-1 año de N

6 Rehabilitación mecánica + aplicación de inoculante 
micorrízico a razón de 4 x 105 esporas ha-1 + 25 t ha-1 
de estiércol vacuno + 100 kg ha-1 año de N
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as well as in the crop nutrition, promote the 
growth of the roots and the capacity of regrowth, 
contribute to increase the availability of biomass 
and consequently, to recover i ts productive  
capacity (1,2).

Arbuscular mycorrhizal fungi (AMF) are 
essential components of the rhizosphere of 
grasslands, whose plants remain associated 
through a network of interconnected hyphae that 
increase the volume of soil that explore the roots 
and facilitate the absorption of nutrients and water, 
among other functions (3).

In this sense, some authors suggest that 
the inoculation of efficient AMF strains can be a 
desirable and even necessary management option 
to improve pasture nutrition and productivity, in 
cases where the resident AMF are not sufficiently 
effective or they are not found in adequate 
quantities to produce an important agronomic 
response in crops (4,5).

Based on the funct ions of  the AMF in 
pasture agroecosystems, the negative impact 
that the processes of degradation can have on 
the communities of these microorganisms, and 
on the possibilities of achieving their effective 
management through the inoculation of efficient 
strains, their inclusion in Recovery programs could 
be an economically and ecologically viable option to 
improve pasture productivity and, at the same time, 
reduce the volumes of fertilizers used in this work (6).

On the basis of these premises, this experiment 
was carried out with the objective of evaluating the 
contribution of arbuscular mycorrhizal inoculation in 
the rehabilitation of degraded grassland of Guinea 
grass (Megathyrsus maximus cv. Likoni).

MATERIALS AND METHODS
The exper iment was carr ied out  at  the 

microstation of pastures and forages of the Niña 
Bonita Genetic Livestock Company, located in 
the Bauta municipality, Artemisa province, on a 
leached red Ferralitic soil (7), whose main chemical 
characteristics are presented in Table I.

The soil possessed a slightly acidic pH, 
medium contents of interchangeable organic matter 
and potassium (K), very low contents of calcium 
(Ca2+) and sodium (Na+) interchangeable, as well as 
low contents of assimilable phosphorus (P2O5) and 
interchangeable magnesium (Mg2+). Basis exchange 
capacity (CCB) was also low (8). Soil analyzes 
were carried out using the methods established 
in the soil, organic fertilizers and vegetable tissue 
laboratory of the Biofertilizers and Plant Nutrition 
Department of the National Institute of Agricultural 
Sciences (INCA) (9).

During the period in which the experiment was 
conducted, the average temperature of the locality 
was 27,5 ºC and the total precipitation of 1160,7 mm, 
of which 83,1 % was distributed between May and 
October and 16,9 %, between November and April (10).

This study was carried out from June 2012 
to February 2013, under rainfed conditions, in 
a degraded pasture with more than 20 years 
of exploitation. Its botanical composition at the 
beginning of the experiment was 40 % of guinea 
Likoni, 24 % of jiribilla (Dichanthium caricosum), 15 %  
of mallow of pig (Sida rhombifolia L.), 11 % of 
espartillo (Sporobolus indicus), 6 % of Centrosema 
sp. and 4 % of other unidentified species.

It was done in a completely randomized design 
with ten replications, where six paddocks of 1 ha each 
was taken and six treatments were included, Table II.

Before applying the treatments, 10 frames of 1 m2  
each were randomly distributed in each paddock, to 
evaluate the variability of the experimental area. In 
each frame the yield of dry mass (DM) of the grass 
and the number of tillers per m2 was determined. 
The analysis of variance indicated that there were 
no significant differences between paddocks for 
any of the evaluated variables, which showed 
homogeneity in the selected paddocks (Table III).
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Table III. Grass yield and number of tillers m-2  

before applying the treatments

Tratamientos MS (t ha-1) No. macollas m-2

1 1,76 3,4
2 1,82 3,2
3 1,77 3,5
4 1,81 3,3
5 1,78 3,1
6 1,80 3,0

ES 0,03   0,17

Table IV. Chemical characteristics of cow manure (% DM)

MO   N Relación C:N P K Ca Mg Na pH Humedad (%)
78,3 2,25 20,1 0,86 1,83 4,72 0,54 0,12 7,1        59,6
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Mechanical rehabilitation was carried out by 
plowing at a depth of 20 cm, for which a three-disc 
ADI-3 plow was used, followed by the pass of a 
3500-kg stand (11). In the treatments with 100 % 
organic and nitrogen fertilization, cow manure and 
urea were applied, at a rate of 25 t ha-1 and 100 kg 
ha-1 year of N, respectively. The N was distributed in 
50 % split doses, at the beginning of the experiment 
(June 2012) and at the end of the rainy period 
(October 2012). The chemical characteristics of 
the manure are presented in Table IV.

The manure came from the dairy itself where 
the experiment was carried out and had time to 
deposit in the four-month old dunghill. This, together 
with the first fraction of the dose of N, was applied 
on the surface of the grass after the plowing; by 
means of a mechanical spreader of organic matter 
and they were incorporated to the ground with the 
step of harrow. The second fraction of the dose of 
N was also applied manually and broadcast, after 
grazing.

The effect of the treatments on the chemical 
characteristics of the soil was evaluated, through 
the pH and the contents of organic matter (OM), 
assimilable phosphorus and interchangeable soil 
cations.

For the application of the mycorrhizal inoculant, 
the INCAM-4 strain of the species Glomus cubense 
(12) was used, selected due to its high efficiency 
index shown in previous tests carried out under 
similar conditions to which this experiment was 
conducted (5), with a concentration of 20 spores g-1 
of substrate. This was applied at a rate of 20 kg ha-1.

The inoculant was added after the plowing, 
along with the manure and nitrogen fertilizer, so that 
it was also incorporated into the soil with the harrow.

The yield of dry mass was evaluated at 70 and 
270 days after applying the treatments, coinciding 
with the rainy and dry season, respectively, and prior 
to the entry of the animals to grazing. In the area 
occupied by each treatment, 10 frames of 1 m2 each 
were randomly distributed, which constituted the 
experimental unit and the MV was harvested. The MV 
was weighed and a 200 g sample was taken, which 
was taken to an air circulation oven at 70 ºC until 
reaching a constant mass, to determine the dry mass 
percentage (DM). The DM yield was calculated, from 
the green mass yield (MV) and the DM percentage (9).  
The height of the plants was measured at the 
time of each cut, for which 10 individuals were 
taken within the calculation area of each plot. 
The crude protein content (PB) = N x 6,25 (13),  
the organic matter digestibility (BMD) (14), and the 
neutral detergent fiber content (NDF) were determined 
to the dried samples in the stove (15).

The botanical composition was determined at 
the beginning of the experiment and the percentage 
of the pasture area covered by guinea at 70 and 
270 days after the treatments were applied (16).

For the chemical characterization of cow 
manure, five random samples were taken at the 
time of their application to the grass, to which the 
pH was determined, and the total contents of OM, 
N, C: N, P, K, Ca and Mg. (9)

In the cut, five subsamples of roots and soil 
of the rhizosphere were taken from each plot at 
a depth of 0-20 cm, by using a metallic cylinder  
of 5 cm in diameter and 20 cm in height, they were 
washed with abundant common water, they were 
placed in an oven at 70 °C until constant weight was 
reached and later they were dyed (17). The samples 
were read in a stereoscope (Carl Zeiss, Stemi 
2000-C/50 x) and then the indicators of mycorrhizal 
colonization and visual density (18) were estimated, 
which are expressed as frequency and intensity of 
colonization respectively, as well as the number of 
spores in the rhizosphere (19), with modifications (20).

The data were processed by analysis of variance, 
according to the experimental design used, and the 
Duncan test (21), p <0,05 or the confidence interval 
at α = 0,05 (22), to establish significant differences 
between the means of treatments. The statistical 
program SPSS 11.5 for Windows (23) was used. All 
the variables fulfilled the assumptions of normality and 
homogeneity of variance, so in all cases the original 
data were analyzed (24).



33

Table V. Effect of organic fertilization on the chemical characteristics of the soil

Treatments: 1-Control, 2- Mechanical rehabilitation, 3- Mechanical rehabilitation + 25 t ha-1 of cow manure + 100 kg ha-1 year of N,  
4- Mechanical rehabilitation + application of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1, 5- Mechanical rehabilitation + application 
of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1 + 12,5 t ha-1 of cow manure + 70 kg ha-1 year of N, 6- Mechanical rehabilitation + 
application of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1 + 25 t ha-1 cow manure + 100 kg ha-1 year N.** Means with different 
letters in the same column differ significantly according to the Duncan test (p <0,05). ES- standard error

Tratamientos pH
H2O

MO
(%)

P2O5
(mg 100g1)

Ca Mg K
(cmolc kg-1)

1 6,4 b 3,25 c 2,1 c   9,3 b 2,0 b 0,32 c
2 6,3 b 3,19 c 2,2 c   9,1 b 1,9 b 0,33 c
3 6,9 a 3,82 a 3,4 a 10,5 a 2,9 a 0,55 a
4 6,3 b 3,21 c 2,0 c   9,4 b 2,1 b 0,35 c
5  6,7 ab 3,59 b 2,6 b   10,0 ab  2,5 ab 0,41 b
6 6,9 a 3,85 a 3,5 a 10,8 a 3,0 a 0,57 a

ES  0,1**  0,12**  0,2**    0,2**  0,1**  0,03**

Table VI. Effect of the treatments on the% of covered area, the height of the plant and the yield of the 
biomass of the grass

Treatments: 1-Control, 2- Mechanical rehabilitation, 3- Mechanical rehabilitation + 25 t ha-1 of cow manure + 100 kg ha-1 year of N,  
4- Mechanical rehabilitation + application of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1, 5- Mechanical rehabilitation + application 
of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1 + 12,5 t ha-1 of cow manure + 70 kg ha-1 year of N, 6- Mechanical rehabilitation + 
application of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1 + 25 t ha-1 cow manure + 100 kg ha-1 year N. ** Means with different 
letters in the same column differ significantly according to the Duncan test (p <0,05). ES- standard error

Tratamientos
70 días 270 días

Área cubierta
(%)

Altura
(cm)

Rendimiento
(t MS ha-1)

Área cubierta
(%)

Altura
(cm)

Rendimiento
(t MS ha-1)

1 42,7 d   61,7 d 1,81 d 36,7 d 29,7 d 0,97 d
2 62,7 c   73,2 c 3,02 c 58,3 c 37,9 c 1,93 c
3 79,3 a 103,1 a 6,13 a 78,2 a 51,4 a 4,51 a
4 71,7 b   88,5 b 4,20 b 67,9 b 45,3 b 2,83 b
5 81,5 a 101,9 a 5,91 a 79,7 a 52,7 a 4,82 a
6 78,7 a 100,6 a 6,22 a 78,3 a 51,1 a 4,75 a

ES      1,57**        2,72**  0,38**      1,48**      1,58**  0,29**
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RESULTS AND DISCUSION
For a better understanding of the inclusion 

effect of the selected AMF strain in the rehabilitation 
of the pasture, it is convenient to evaluate, in the 
first place, the modifications that produced the 
treatments in the chemical characteristics of the 
soil, due to its possible influence on the behavior 
of the rest of the evaluated indicators.

As can be seen in Table V, cow manure 
significantly increased the pH, as well as the contents 
of organic matter (OM), assimilable P2O5, and 
interchangeable Ca, Mg and K, with the highest effects 
observed with the highest dose (25 t ha-1). However, 
with the application of 12,5 t ha-1, although no changes 
were observed in the pH or in the interchangeable Ca 
and Mg contents, values of OM, P2O5 assimilable and 
exchangeable K were significantly higher than in the 
treatments where the manure was not applied. The 
rest of the treatments had no effect on the chemical 
characteristics of the soil.

The effect of cow manure on the soil chemical 
characteristics corresponded to its contribution 
of MO and nutrients. According to its chemical 
composition, it can be inferred that it incorporated 
significant amounts of OM, P, Ca, Mg and K, 
which undoubtedly contributed to increase the 
contents of these elements in the soil, especially 
with the application of the most high (Table IV). 
Several authors agree that the good qualities 
of cow manure as an improver of the chemical 
characteristics of the soil, are fundamentally that 
it is constituted by organic substances whose rapid 
decomposition through microorganisms, together 
with its own contribution of mineral elements, 
makes Plant availability of significant quantities 
of macro and micronutrients, practically from the 
time of their incorporation (25,26).
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These authors also observed that the use of cow 
manure as a source of organic fertilizer for pastures, 
increases the contents of organic matter, nitrogen, 
phosphorus and potassium assimilable; as well as, 
interchangeable soil cations, at least 90 days after 
application (25,26).

In relation to the effect of the treatments in the 
rehabilitation of the grass, it was observed that the 
cultural works favored, as much the percentage of the 
area covered by the guinea as the height of the plants 
and the yield of biomass of the aerial part (Table VI). 
The use of the plow and the harrow only (treatment 2), 
significantly increased these three indicators in relation 
to the control that was not rehabilitated (treatment 1), 
which coincided with the result of other work done 
using both mechanical tasks for rehabilitation of Likoni 
guinea grassland and indicated its contribution to the 
recovery of degraded pastures (27).

The beneficial effect of the plow and the harrow in 
the rehabilitation of the grass can be attributed to the 
improvement of the soil physical properties, which due 
to the inadequate handling of the grazing and the non-
application of cultural maintenance tasks throughout its 
life cycle, they could deteriorate over time, which led 
to compaction due to the excessive trampling of the 
animals, and consequently, the decrease of the yield 
and the useful life of the pasture (28).

It cannot be ruled out that the improvement of the 
area covered by the guinea and the increase in the 
yield of the grass has also been the result of the indirect 
effect of the mechanical work on the increase of the 
population of this species, since when the superficial 
layer of the soil is removed the necessary conditions 
are created for the emergence of the seeds of this 
species that over time are incorporated into the soil 
with the trampling of the animals themselves. Also, 
the mechanical work itself may have contributed to 
reducing weed infestation and, in fact, to increasing 
the presence of guinea grass in the pasture, both by 
the physical removal of the invasive plants and by the 
elimination of their propagules or seeds (27).

The work of plow and harrow help to section 
the clusters of the guinea and this makes the growth 
points of both the roots and stems multiply, contributing 
significantly to the repopulation of the pasture with 
the improved species (29, 30). This is very important 
because after grazing or cutting, when a large part of 
the aerial biomass is eliminated, the grass must emit 
new roots in order to access the nutrients of the 
soil to recover its aerial biomass again and with it 
its photosynthetic activity. So, any work such as the 
plow and harrow that contributes to increase the 
growth points of the root system can increase the 
contact surface of the roots with the soil, favor the 

absorption of nutrients, water and consequently, 
stimulate the growth of aerial biomass (2).

The mechanical works accompanied by the 
applications of 25 t of manure ha-1 and of 100 kg N ha-1 
increased significantly the percentage of guinea in the 
botanical composition of the pastureland; as well as, 
the height of the plants and the yield of the biomass 
in relation to the mechanical works only (treatment 3), 
which confirmed the beneficial effect of the manure 
on the soil characteristics observed in the previous 
table, and evidenced the need of an adequate supply 
of nutrients for the recovery of degraded pastures 
(26,31). In other words, the rehabilitation was more 
effective when the aforementioned benefits of the 
removal of the superficial layer of the soil by means 
of mechanical work, added the effect of the nutrients 
addition whose influence on the growth of the guinea 
undoubtedly contributed to its quick recovery.

The use of cattle manure and mineral fertilizers 
alone or combined, as part of the cultural work for the 
rehabilitation of pastures has been studied by many 
authors, and all recognize their benefits in improving 
the nutritional status of plants and consequently, in 
the improvement of covered area percentage and 
improved grass productivity (32).

The inclusion of the mycorrhizal inoculant 
formulated with an AMF efficient strain in the 
work for the pasture rehabilitation improved the 
evaluated indicators (treatment 4), whose values 
were significantly higher than those reached with the 
mechanical work alone (treatment 2); however, the 
greatest effects were obtained when combined with 
the addition of 50 and 70 % of the doses of cattle 
manure and nitrogen fertilizer, respectively (treatment 
5), which did not differ from those achieved with the 
application of 100b % both fertilizers (treatment 3).

With the mycorrhizal inoculant combined with the 
addition of 100 % of the doses of cow manure and 
nitrogenous fertilizer (treatment 6), the height of the 
improved pasture; as well as, their percentage of area 
covered within the grassland botanical composition 
and their biomass yield did not differ from those 
obtained with the treatment 3.

The beneficial effect of the mycorrhizal inoculation 
on the increase of plant height and on the improvement 
of the area covered percentage by the improved 
grass; as well as, in the increase of the yield of the 
biomass, judging from the results of the previous 
experiment, it could be related to the influence of the 
strain introduced in the improvement of the nutritional 
status of the plants. The addition of AMF efficient 
strains can increase the absorption effectiveness of 
soil nutrients and fertilizers, and this translates into 
an increase in grass biomass production (26, 33).
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Treatments: 1-Control, 2- Mechanical rehabilitation, 3- Mechanical rehabilitation + 25 t ha-1 of cow manure + 100 kg ha-1 year of N,  
4- Mechanical rehabilitation + application of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1, 5- Mechanical rehabilitation + application 
of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1 + 12,5 t ha-1 of cow manure + 70 kg ha-1 year of N, 6- Mechanical rehabilitation + 
application of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1 + 25 t ha-1 cow manure + 100 kg ha-1 year N. The vertical bars show the 
confidence interval of the mean. Intervals of confidence that overlap each other do not differ significantly (α = 0,05)

Figure 1. Inoculation effect of the Glomus cubense strain on the fungal variables of the grass 
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Such benefits could also explain the fact that with 
mycorrhizal inoculation, together with the addition of 
smaller amounts of mineral and organic fertilizers, 
similar results can be obtained to those achieved 
with the application of higher doses of both fertilizers 
in the absence of inoculation which agrees with that 
found in other studies, by including the application 
of mycorrhizal inoculants and mineral or organic 
fertilizers in the work for the establishment and 
rehabilitation of pastures, respectively (34,35).

The effect of the rehabilitation work on plant 
height, the percentage of the area covered by guinea 
and the yield of the grass was observed both at 70 
and 270 days after the application of the treatments, 
and this indicated not only that the cultural methods 
used for pasture recovery were effective over time, but 
also that the management to which the pasture was 
subjected once recovered (resting times of 28 and 37 
days in the rainy and dry season, respectively, and 
global load of 1,5 UGM ha-1) was adequate to maintain 
its productivity, at least during the time evaluated.

The lowest absolute values that reached the 
height of the plants, the percentage of the guinea 
in the grassland and the yield of the biomass at 
270 days after the rehabilitation, in relation to the 
first sampling (at 70 days) can be attributed to the 
different meteorological conditions that existed in both 
seasons, since the first was carried out in the rainy 
period and the second, in the rainy season.

It is known that the biomass production of most 
of the tropical forage grasses, among which the 
guinea is included has a seasonal character, since the 
highest growth rates reach it during the time where 
the highest levels of precipitation, temperatures and 
luminosity (35).

In relation to the behavior of the fungal 
variables (Figure 1), it was observed that the 
application of the mycorrhizal inoculant increased 
the colonization percentages, visual density and the 
number of spores in the rhizosphere with respect to 
the treatments that were not inoculated; however, 
these variables reached the highest values with the 
joint application of the mycorrhizal inoculant plus 
12,5 t ha-1 of cow manure and 70 kg ha-1 year-1 of N. 
When the AMF strain was inoculated and the 100 
% of the doses of both fertilizers, such indicators 
decreased until reaching values similar to those 
observed in the non-inoculated treatments, which 
evidenced the depressive effect of the highest 
doses of both fertilizers in the mycorrhizal variables.

The percentages of colonization, visual density 
and number of spores were significantly higher at 
70 days after the treatments were applied than at 
270 days.

According to the behavior of the fungal 
variables, the influence of mycorrhizal inoculation in 
the reduction of fertilizer doses necessary to obtain 
the greatest effects in the grass rehabilitation, 
confirms the effect of the AMF strain introduced 
in the improvement of the use of the nutrients, by 
virtue of the greater volume of soil that the roots 
could explore. This is inferred from the influence 
of the mycorrhizal inoculant in the increase of such 
variables especially in the treatment where 50 and 
70 % of the organic and nitrogenous fertilization 
were applied, respectively, and with which the 
guinea reached the highest height and presence 
among the plant species that populated the pasture; 
as well as, the higher yield of aerial biomass.
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Figure 2. Effect of the treatments on the nutritional value of the grass, PB (crude protein), FND 
(neutral detergent fiber), DMO (digestibility of organic matter)

Pedro R. Rosales Jenqui, Pedro J. González Cañizares, Juan F. Ramirez Pedroso and Joan Arzola Batista

Treatments: 1-Control, 2- Mechanical rehabilitation, 3- Mechanical rehabilitation + 25 t ha-1 of cow manure + 100 kg ha-1 year of N,  
4- Mechanical rehabilitation + application of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1, 5- Mechanical rehabilitation + application 
of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1 + 12,5 t ha-1 of cow manure + 70 kg ha-1 year of N, 6- Mechanical rehabilitation + 
application of mycorrhizal inoculant at a rate of 4 x 105 spores ha-1 + 25 t ha-1 cow manure + 100 kg ha-1 year N.** Means with different 
letters in the same column differ significantly according to the Duncan test (p <0,05). ES- standard error

In addition to the AMF physical effect on 
the extension of the plant uptake system, other 
mechanisms related to its ability to access, as in 
the case of P, less available forms of soil nutrients 
(36-38), also could explain the influence of the 
strain introduced in the reduction of fertilizer doses 
to apply to pastures.

Likewise, the lower percentages of colonization 
and visual density, and the smaller number of 
spores that were observed in the treatment where 
the inoculant was applied, together with the higher 
doses of both fertilizers may be a consequence 
of the decrease in the role of mycorrhizae in the 
absorption of nutrients in the presence of a high 
amount of fertilizers (39,40).

The mycorrhizal variables showed seasonal 
variations as well as pasture performance, (41) 
and can be explained by the fact that during the 
rainy season there is a rapid growth of the grass, 
for the reasons already explained, which implies 
the absorption of a greater amount of nutrients for 
the formation of biomass and consequently, the 
formation of larger amounts of mycorrhizal structures 
to guarantee the access of plants to such resources.

Regarding the nutritional value of the grass (Figure 2),  
although there were no significant differences between 
the control and the treatment where mechanical work 
was applied for the neutral detergent fiber (NDF) and 
digestibility of organic matter (BMD) indicators, it was 
found a beneficial effect of these tasks on the crude 
protein content (PB), in correspondence with the 
increase of the concentrations of N in the biomass 
of the aerial part that was observed in this treatment.
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However, the best results were obtained when the 
mechanical work was combined with the application 
of the highest doses of manure and nitrogen fertilizer, 
with the addition of the mycorrhizal inoculant plus the 
application of 50 and 70 % of the dose of cow manure 
and fertilizer Nitrogen, respectively, or with the addition 
of 100 % of both fertilizers, since with these treatments 
the grass reached the highest levels of PB and BMD; 
as well as the lower contents of FND. The effect of the 
treatments on the nutritional value of the grass was 
observed in the two sampling moments.

The improvement of the grass nutritive value 
also was in correspondence with the improvement 
that in its nutritional state caused the additions of 
the highest doses of manure and nitrogen fertilizer, 
or from the mycorrhizal inoculant with smaller doses 
of both fertilizers. Fertilization, mainly nitrogen one 
either from mineral or organic sources increases the 
concentrations of N in the aerial part and, in fact, its 
crude protein contents (42).

N, by stimulating growth, increases the use of 
carbohydrates available for the formation of cells and 
protoplasm, instead of increasing the thickness of 
the cell wall, thereby reducing fiber and lignin levels, 
increasing the digestibility and the nutritional value of 
the grass (32).

However, the most interesting thing was that 
with the addition of the mycorrhizal inoculant plus the 
addition of lower doses of mineral fertilizer and organic 
manure, the indicators evaluated reached values 
similar to those obtained with the additions of higher 
doses of both fertilizers in absence of inoculation, so 
that the decrease in fertilization that was obtained with 
the use of the inoculant did not imply a reduction of the 
nutritive value of the grass biomass.

CONCLUSIONS 
♦♦ The inoculation of G. cubense was successfully 

integrated into the work for the rehabilitation of the 
pasture. The grass improved the percentage of 
covered area when the AMF strain was combined 
with 50 and 70 % of the dose of organic fertilizer 
and nitrogen fertilizer, reaching biomass yields with 
a nutritional value similar to those obtained with the 
application 100 % of the doses of both fertilizers in 
the absence of mycorrhizal inoculation.

♦♦ The effect of G, cubense was maintained at least 
until 270 days after its application.

RECOMMENDATIONS
It is recommended to evaluate the inclusion 

effect of the inoculation of AMF in the work for the 
rehabilitation of pastures cultivated in other types of 
soils, previously selecting the most efficient strains 
for each edaphic condition and grass species.

BIBLIOGRAPHY 
1.	 Padilla C, Sardiñas Y, Febles G, Curbelo F. Comportamiento 

del área forrajera de guinea (Panicum maximum Jacq vc. 
Likoni) según la población de espartillo (Sporobolus indicus 
L.). Cuban Journal of Agricultural Science. 2012;46(1):91–5. 

2.	 Padilla C, Sardiñas Y, Febles G, Fraga N. Estrategias 
para el control de la degradación en pastizales invadi
dos por Sporobolus indicus (L) R. Br. Cuban Journal of 
Agricultural Science. 2013;47(2):113–7. 

3.	 Yang C, Ellouze W, Navarro-Borrell A, Taheri AE, Klabi R, Dai 
M, et al. Management of the Arbuscular Mycorrhizal Symbiosis 
in Sustainable Crop Production. In: Mycorrhizal Fungi: Use 
in Sustainable Agriculture and Land Restoration [Internet]. 
Berlin - Heidelberg: Springer; 2014 [cited 2017 Sep 17]. p. 
89–118. (Soil Biology). doi:10.1007/978-3-662-45370-4_7

4.	 Carneiro RFV, Martins MA, Araújo ASF, Nunes LAPL. 
Inoculação micorrízica arbuscular e adubação fosfa
tada no cultivo de forrageiras consorciadas. Archivos 
de Zootecnia. 2011;60(232):1191–202. doi:10.4321/
S0004-05922011000400034

5.	 González PJ, Ramírez JF, Morgan O, Rivera R, Plana 
R. Contribución de la inoculación micorrízica arbuscular 
a la reducción de la fertilización fosfórica en Brachiaria 
decumbens. Cultivos Tropicales. 2015;36(1):135–42. 

6.	 Verbruggen E, van der Heijden MGA, Rillig MC, Kiers 
ET. Mycorrhizal fungal establishment in agricultural soils: 
factors determining inoculation success. New Phytologist. 
2013;197(4):1104–9. doi:10.1111/j.1469-8137.2012.04348.x

7.	 Hernández JA, Pérez JJM, Bosch ID, Castro SN. 
Clasificación de los suelos de Cuba 2015. Mayabeque, 
Cuba: Ediciones INCA; 2015. 93 p. 

8.	 Paneque VM, Calaña JM. La fertilización de los cultivos. 
Aspectos teórico-prácticos para su recomendación. San 
José de las Lajas, La Habana, Cuba: Instituto Nacional 
de Ciencias Agrícolas; 2001. 29 p. 

9.	 Paneque PVM, Calaña NJM, Calderón VM, Borges BY, 
Hernández GTC, Caruncho CM. Manual de técnicas 
analíticas para análisis de suelo, foliar, abonos orgánicos 
y fertilizantes químicos [Internet]. 1st ed. La Habana, 
Cuba: Ediciones INCA; 2010 [cited 2016 Jan 27]. 157 
p. Available from: http://mst.ama.cu/578/

10.	Pérez VE, Planas LAH. Boletín Agrometeorológico 
Nacional [Internet]. La Habana, Cuba: Instituto de 
Meteorología (INSMET); 2012 [cited 2017 Sep 17]. 
Available from: http://www.met.inf.cu/AgroBoletin/agro.htm

11.	Sardiñas Y. Recuperación de pastizales de Panicum 
maximum Jacq vc. Likoni, invadidos de Sporobolus 
indicus (L.) R. Br. (espartillo) [Tesis de Doctorado]. [La 
Habana, Cuba]: Instituto de Ciencia Animal; 2010. 100 p. 

12.	Rodríguez Y, Dalpé Y, Séguin S, Fernández K, 
Fernández F, Rivera RA. Glomus cubense sp. nov., an 
arbuscular mycorrhizal fungus from Cuba. Mycotaxon. 
2011;118(1):337–47. doi:10.5248/118.337

13.	Latimer GW. Official methods of analysis of AOAC 
International [Internet]. 20th ed. Rockville, MD: AOAC 
International; 2016 [cited 2016 Sep 22]. Available from: 
http://www.directtextbook.com/isbn/9780935584875

14.	 Kesting J. Uber nevaro engobnisson sur verdesserung der 
in vitro methoden zurshiihungder varelanrickeit vort rags-
tegen dar gasells choft fur krnahrungder. Vol. 1. Leipzig: 
DDR Sektion Tratrenharung; 1977. 306 p. 



38

Pedro R. Rosales Jenqui, Pedro J. González Cañizares, Juan F. Ramirez Pedroso and Joan Arzola Batista

15.	 Van Soest PJ, Robertson JB, Lewis BA. Methods for 
Dietary Fiber, Neutral Detergent Fiber, and Nonstarch 
Polysaccharides in Relation to Animal Nutrition. Journal 
of Dairy Science. 1991;74(10):3583–97. doi:10.3168/jds.
S0022-0302(91)78551-2

16.	Mannetje L, Haydock† KP. The Dry-Weight-Rank 
Method for the Botanical Analysis of Pasture. 
Grass and Forage Science. 1963;18(4):268–75. 
doi:10.1111/j.1365-2494.1963.tb00362.x

17.	 Rodríguez YY, Arias PL, Medina CA, Mujica PY, Medina 
GLR, Fernández SK, et al. Alternativa de la técnica 
de tinción para determinar la colonización micorrízica. 
Cultivos Tropicales. 2015;36(2):18–21. 

18.	Trouvelot A, Kough J, Gianinazzi-Pearson V. Mesure du taux 
de mycorhization VA d’un systeme radiculaire. Recherche de 
methodes d’estimation ayantune signification fonctionnelle. 
In: I European Symposium on Mycorrhizae: Physiological and 
genetical aspects of mycorrhizae [Internet]. Paris, France: 
Institut National de la Recherche Agronomique (INRA); 1986 
[cited 2017 Jun 17]. p. 217–22. Available from: http://agris.
fao.org/agris-search/search.do?recordID=US201301430989

19.	Gerdemann JW, Nicolson TH. Spores of mycorrhizal 
Endogone species extracted from soil by wet sieving and 
decanting. Transactions of the British Mycological Society. 
1963;46(2):235–44. doi:10.1016/S0007-1536(63)80079-0

20.	Herrera RA, Ferrer RL, Furrazola E, Orozco MO. Estrategia 
de funcionamiento de las micorrizas VA en un bosque 
tropical. Biodiversidad en Iberoamérica. Ecosistemas, 
Evolución y Procesos Sociales. Monasterio M, editor. 
Mérida, México: Programa Iberoamericano de Ciencia y 
Tecnología para el Desarrollo. Subprograma XII; 1995. 

21.	Duncan DB. Multiple Range and Multiple F Tests. 
Biometrics. 1955;11(1):1–42. doi:10.2307/3001478

22.	Payton ME, Miller AE, Raun WR. Testing statistical hy
potheses using standard error bars and confidence inter
vals. Communications in Soil Science and Plant Analysis. 
2000;31(5–6):547–51. doi:10.1080/00103620009370458

23.	IBM Corporation. IBM SPSS Statistics [Internet]. Version 11.5. 
U.S: IBM Corporation; 2003. Available from: http://www.ibm.com

24.	Vázquez ER. Contribución al tratamiento estadístico de 
datos con distribución binomial en el modelo de análisis de 
varianza [Tesis de Doctorado]. [Mayabeque, Cuba]: Instituto 
Nacional de Ciencias Agrícolas (INCA); 2011. 97 p. 

25.	González PJ, Rivera R, Arzola J, Morgan O, Ramírez JF. 
Efecto de la inoculación de la cepa de hongo micorrízico 
arbuscular Glomus hoi-like en la respuesta de Brachiaria 
híbrido cv. Mulato II (CIAT 36087) a la fertilización orgáni
ca y nitrogenada. Cultivos Tropicales. 2011;32(4):05-12. 

26.	Trejo-Escareño HI, Salazar-Sosa E, López-Martínez JD, 
Vázquez-Vázquez C. Impacto del estiércol bovino en el 
suelo y producción de forraje de maíz. Revista Mexicana 
de Ciencias Agrícolas. 2013;4(5):727–38. 

27.	de Souza RF, Faquin V, Sobrinho RRL, de Oliveira EAB. 
Influência de esterco bovino e calcário sobre o efeito re
sidual da adubação fosfatada para a Brachiaria brizantha 
cultivada após o feijoeiro. Revista Brasileira de Ciência 
do Solo. 2010;34(1):143–150. 

28.	Sardiñas Y, Varela M, Padilla C, Torres V, Noda A, Fraga 
N. Control del espartillo (Sporobolus indicus) mediante 
la renovación con siembra de variedades de Panicum 
maximum. Cuban Journal of Agricultural Science. 
2011;45(1):83–8. 

29.	Giacomini AA, Mattos WT de, Mattos HB de, Werner JC, 
Cunha EA da, Carvalho DD de. Root mass and growth 
from aruanagrass and tanzaniagrass under nitrogen ra-
tes. Revista Brasileira de Zootecnia. 2005;34(4):1109–20. 
doi:10.1590/S1516-35982005000400004

30.	Dias-Filho MB. Degradação de pastagens: processos, 
causas e estratégias de recuperação. 4th ed. SP, Brasil: 
do Autor; 2011. 215 p. 

31.	Costa KA de P, Faquin V, Oliveira IP de, Severiano E 
da C, Simon GA, Carrijo MS. Extração de nutrientes 
pela fitomassa do capim-marandu sob doses e fontes 
de nitrogênio. Revista Brasileira de Saúde e Produção 
Animal. 2009;10(4):801–12. 

32.	Borges JA, Barrios M, Escalona O. Efecto de la fertiliza-
ción orgánica e inorgánica sobre variables agroproducti-
vas y composición química del pasto estrella (Cynodon 
nlemfuensis). Zootecnia Tropical. 2012;30(1):017–26. 

33.	González PJ. Manejo efectivo de la simbiosis micorrízi
ca arbuscular vía inoculación y la fertilización mineral 
en pastos del género Brachiaria [Tesis de Doctorado]. 
[Mayabeque, Cuba]: Universidad Agraria de La Habana 
“Fructuoso Rodríguez Pérez”; 2014. 98 p. 

34.	Herrera-Peraza RA, Hamel C, Fernández F, Ferrer RL, 
Furrazola E. Soil–strain compatibility: the key to effective 
use of arbuscular mycorrhizal inoculants? Mycorrhiza. 
2011;21(3):183–93. doi:10.1007/s00572-010-0322-6

35.	Ramírez JF, Salazar X, González PJ, Rivera R. Validación 
del uso de hongos micorrízicos arbusculares en la reha
bilitación de pastizales. In: Congreso Científico de INCA. 
Mayabeque, Cuba: Ediciones INCA; 2012. 

36.	Osorio NW. Uso de hongos formadores de micorriza 
como alternativa biotecnológica para promover la nutri
ción y el crecimiento de plántulas. Manejo Integral del 
Suelo y Nutrición Vegetal. 2012;1(2):1–4. 

37.	Smith SE, Smith FA. Roles of Arbuscular Mycorrhizas 
in Plant Nutrition and Growth: New Paradigms from 
Cellular to Ecosystem Scales. Annual Review of 
Plant Biology. 2011;62(1):227–50. doi:10.1146/
annurev-arplant-042110-103846

38.	Almagrabi OA, Abdelmoneim TS. Using of arbuscular 
mycorrhizal fungi to reduce the deficiency effect of phos
phorous fertilization on maize plants (Zea mays L.). Life 
Science Journal. 2012;9(4):1648–1654. 

39.	Rai A, Rai S, Rakshit A. Mycorrhiza-mediated phosphorus 
use efficiency in plants. Environmental and Experimental 
Biology. 2013;11:107–117. 

40.	Neetu N, Aggarwal A, Tanwar A, Alpa A. Influence of 
arbuscular mycorrhizal fungi and Pseudomonas fluores
cens at different superphosphate levels on linseed (Linum 
usitatissimum L.) Growth response. Chilean Journal of 
Agricultural Research. 2012;72(2):237–43. 

41.	Parodi G, Pezzani F. Micorrizas arbusculares en dos gra
míneas nativas de Uruguay en áreas con y sin pastoreo. 
Agrociencia Uruguay. 2011;15(2):1–10. 

42.	Moreira L de M, Martuscello JA, da Fonseca DM, Mistura 
C, de Morais RV, Júnior JIR. Perfilhamento, acúmulo de 
forragem e composição bromatológica do capim-bra
quiária adubado com nitrogênio. Revista Brasileira de 
Zootecnia. 2009;38(9):1675–84. 

Received: October 25th, 2016 
Accepted: May 19th, 2017


