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Respuesta de Canavalia ensiformis (L.) A la inoculación con diferentes 
cepas de hongo micorrízico arbuscular en un suelo FARL

RESPONSE OF Canavalia ensiformis (L.)  
TO INOCULATION WITH DIFFERENT ARBUSCULAR 
MYCORRHIZAE FUNGI STRAINS IN A FARL SOIL

Milagros García Rubido1), Ramón Rivera Espinosa2, Yoanna Cruz 
Hernandez1, Yenssi Acosta Aguiar1 and José Ramón Cabrera1

RESUMEN. Con el objetivo de evaluar la respuesta de 
la Canavalia ensiformis a la inoculación con diferentes 
cepas de hongos micorrizícos arbusculares (HMA) en 
un tipo genético de suelo Ferralítico Amarillento Rojizo 
Lixiviado (FARL) dedicado al cultivo de tabaco. Se realizó 
una investigación con un diseño experimental de bloques 
al azar, con cinco variantes y cuatro repeticiones, 
que incluyen la canavalia inoculada con las cepas Rhizophagus 
intraradices, Funneliformis mosseae, Glomus cubense y 
Glomus claroideum y la variante sin inoculación como 
testigo. Los resultados demostraron que la cepa Glomus 
cubense presentó la mejor respuesta para este tipo de suelo. 
Se alcanzó el mayor crecimiento y desarrollo de la canavalia 
por la inoculación con la cepa Glomus cubense, con una 
producción de masa seca foliar de 7,3 t ha-1 y se lograron 
los mayores contenidos de nutrientes NPK (264,9 kg N ha-1; 
37,6 kg P ha-1; 226,7 kg K ha-1 respectivamente). La utilización 
de Canavalia inoculada con las cepas Glomus cubense y 
Rhizophagus intraradices incrementó el funcionamiento 
micorrízico en un suelo tabacalero. 

ABSTRACT. The aim of the study was to evaluate the 
response of Canavalia ensiforme to inoculation of different 
arbuscular mycorrhizal fungi (AMF) strains in a Ferrallitic 
Yellow Reddish and Lixiviated soil dedicated to tobacco 
production. The experiment was carried out using random 
blocks with five variants and repetitions that include the 
four strains inoculated Canavalia ensiforme with the strains 
of Rhizo plagus and a control without inoculation. 
The results demonstrated that Glomus cubense strain has the 
best response for this type of soil. The largest growth and 
development of canavalia was reached with the application 
of Glomus cubense strains with a dry mass foliar production 
was 7,3 t ha-1 and the highest levels of nutrients such as 
N, P, K (264,9 kg N ha-1; 37,6 kg P ha-1; 226,7 kg K ha-1) 
were obtained. The use of inoculated Canavalia ensiforme 
with Glomus cubense and Rhizophagus intraradices had 
a significant response and increased the mycorrhizae 
functioning in soil used for tobacco production. 
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INTRODUCTION
The use of  green manures favors  and 

increases the microbial activity and diversity 
of soil microorganisms, such as N-fixing and 
arbuscular mycorrhizal fungi (AMF) (1). Within 
them is the Canavalia ensiformis (L.) species 
that provides positive effects on soil fertil ity,  

as it increases water retention capacity, reduces 
washing and nutrient leaching, as well as favors 
soil microbial activity (2, 3).

The canavalia is a species adapted to the 
conditions of Cuba due to its vigorous growth, to 
the contributions of atmospheric N fixed to the soil-
plant system, via biological nitrogen fixation (BNF) 
and by recycling appreciable quantities of P and KA.
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Chemical determinations: pH KCl potentiometer, M.O. (10), P Oniani, Cations NH Ac pH 7, No. spores AMF (11)

pHKCl

MO
(%)

P2O5 K2O Ca2+ Mg2+ Na+ K+ Nu. Spores  
AMF 50g soil -1

mg 100g-1 cmol(+) Kg-1

5,5 1,38 41,70 23,50 3,50 1,40 0,10 0,41 299

Table I. Some soil characteristics in the experimental area
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A r b u s c u l a r  m y c o r r h i z a l  f u n g i  ( A M F ) 
a re  m ic roorgan isms tha t  a l low improv ing 
the development of the cultures when they 
interact with the plants, creating symbiosis 
wi th each other.  They are a lso present  in 
95 % of agricultural crops and can increase the 
processes of absorption and translocation of 
nutrients in plants (4).

Green manures are management alternatives 
for soils (5), their association with AMF can 
condition qualitative and quantitative changes in 
the populations of these fungi in the soil B (6). 
Numerous results have been found in Red Ferralitic 
and Nodal Rhodic Eutric soils that demonstrate the 
increase of mycorrhizal propagules in the soil when 
using rotations that include Canavalia ensiformis 
as green manure (3, 7, 8).

In our agricultural system and specifically for 
these soils, no research has been developed with 
the species Canavalia ensiformis that respond to 
inoculations with specific strains of AMF. This is why 
the present work aims to evaluate the response of 
Canavalia ensiformis to inoculation with different 
AMF strains in a Ferralitic Reddish Yellowish 
Leached Soil dedicated to tobacco cultivation.

MATERIALS AND METHODS
The climatic conditions presented an ideal 

behavior for the vegetative development of the 
canavalia crop, with values above 160 mm of rain 
fall during this periodB, which favors the vegetative 
development of this species of legume and 
corresponds to the contributions of dry biomass 
and nutrients contributed to the soil.

The research was carried out in a total area of 
310,5 m2, using an experimental design of random 
blocks, with five variants and four replications. 

The variants studied were evaluated during two 
campaigns with canavalia without inoculation and 
inoculated with the different strains described 
below:

Description of treatments 
♦♦ Without inoculation (Control)
♦♦ Rhizophagus intraradices
♦♦ Funneliformis mosseae
♦♦ Glomus cubense
♦♦ Glomus claroideum

Planting of canavalia was carried out in the 
second ten of August, by hand; inoculation of the 
seed was done by coating the different strains of the 
certified inoculum (30 spores of AMF g inoculum). 
A homogeneous paste was prepared in a ratio of 
1 kg of each inoculum per 10 kg of seed, and with 
it, the seed was covered until completely covered.

They were then dr ied in the shade for  
5 to 10 minutes and then seeding. At 60 days after 
germination, the soil was sampled for AMF spores 
and complete plants, in order to determine the total 
dry mass, nutrient content and fungal performance 
variables in the Canavalia roots. For the sampling, 
three complete plants per linear meter, including 
the rhizosphere soil and the rootlets of the plants,  
were selected in the calculation area (central 
grooves) for each treatment and replication,  
leaving the first two furrows as edge area.

In the tobacco seasons 2013-2014 and  
2014-2015, a study was carried out in areas of 
the Tobacco Experimental Station, located in 
Vuelta Abajo; farm “Vivero”, San Juan y Martínez 
municipality, Pinar del Río province. The soil in this 
area is classified as Ferralitic Reddish Yellowish 
Leachate (9). Some of its characteristics are 
presented in Table I.

T h e  b e h a v i o r  o f  t h e  m a i n  v a r i a b l e s  
(mean temperature, relative humidity and rainfall) 
during the two campaigns that the experiment was 
developed were taken from the Agrometeorological 
Station of San Juan y Martínez, being evaluated 
the periods relative to each of the years in which it 
took place the field phase.
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Treatments
Fresh mass

(t ha-1)
Dry masss

(t ha-1)
Total absortion of nutrients

(kg ha-1)
Total Total N P K

Without inoculation (Control) 36,6 b 4,0 d 157,4 c 19,1 c 122,9 d
Rhizophagus intraradices 38,4 b 6,3 b 243,1 a 33,1 ab 181,9 b

Funneliformis mosseae 35,8 b 5,2 c 194,9 b 24,1 bc 153,6 c
Glomus cubense 44,9 a 7,3 a 264,9 a 37,6 a 226,7 a

Glomus claroideum 38,1 b 4,1 d 148,7 c 18,4 c 120,1 d
E.S (+/-) 0,946 0,098 6,400 3,334 4,979
CV (%) 9,55 24,54 23,99 37,16 25,97

Table II. Fresh, dry mass and nutrient extraction (N, P, K) of canavalia in the presence of four 
strains of AMF

Means with different letters in the same column differ from each other according to Duncan test(P<0,05)
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Production of Aerial Biomass 
To determine leaf biomass (t ha-1), the organs 

of the aerial part of the plants (leaves and stems) 
included in linear 1 m within each plot were taken. 
The total fresh mass of each organ was weighed 
separately on a Sartorius digital METTLER scale 
(g per plant), from which a fraction was taken and 
dried in the oven at 70 °C until reaching a constant 
mass, the dry mass being determined total and 
extrapolated to ha-1.

Determinations made

The extract ion of N, P2O5 and K2O was 
calculated from the data of the dry mass of the total 
biomass and the corresponding concentration of 
each element (percentage of N, P and K), by the 
formula:

Extraction of N, P2O5 and K2O = [yield of 
biomass x concentration of chemical compound in 
each organ]/100
For this it was determined: The concentration of N, 
P and K in the leaves and stems of the canavalia 
(%). From the canavalia biomass, a homogeneous 
sample of leaves and stems was taken, and the 
total contents of N, P and K were evaluated (12). 
Nitrogen (N): wet digestion with H2SO4 + Se and 
colorimetric determination with the Nessler reagent.
Phosphorus (P): wet digestion with H2SO4 + Se 
and determination by the colorimetric method with 
ammonium molybdate.
Potassium (K): wet digestion with H2SO4 + Se and 
determination by flame photometry.
AMF spore count: this was done by extracting  
50 g of soil (11, 13).

Radical colonization: the evaluation was 
performed by the method of intercepts by the 
percentage of  mycorrh iza l  co lon izat ion or 
colonization frequency (14).

Statistical procedures

For the determination of the differences 
between treatments, the Duncan Multiple Rank 
comparison was used for p≤0,05 (15). All data were 
processed with the statistical package Stadistical 
Package for Social Sciences (SPSS) for Microsoft 
Windows version 21.0 (16).

RESULTS AND DISCUSSION
Table II shows the behavior of fresh mass, 

dry mass and nutrient contents of Canavalia in the 
presence of different AMF strains.

It can be seen that among the evaluated strains, 
Glomus cubense was highlighted with greater 
production of fresh mass and dry mass, obtaining 
the best results with significant differences to the 
rest of the studied strains and the control. The 
comparison studies of strains carried out in Cuba, 
although they have demonstrated the existence of 
a high strain specificity efficient of efficient AMF-
type soil (17), have also demonstrated the greater 
competitiveness of Glomus cubense to establish 
an effective symbiosis, both in the soils where it is 
recommended (3) as in others where this strain is 
not the most efficient (18).

The strain Glomus cubense has the best 
response in this type of soil, which is related to 
investigations in different crops and soil types, 
including tomatoes, onions and pastures on Red 
Ferralitic soils and, in general, for soils of medium 
and high fertility (3, 4, 19, 20).

Species of the genus Glomus have a wide 
range of functional distribution, predominating in 
high and medium fertility ecosystems where they 
are efficient and competitive. The results in Cuba 
allowed extending these ranges to the conditions 
of low and very low fertility (4).
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Treatments 
Nu. Spores en 50 
g soil-1

Colonization 
(%)

Without inoculation 255,25 c 36,00 c

Rhizophagus intraradices 325,25 a 56,77 a

Funneliformis mosseae 306,25 b 41,83 b

Glomus cubense 333,00 a 58,45 a

Glomus claroideum 223,50 d 39,17 b

ES (+/-) 3,192 0,675
CV (%) 15,19 20,85

Table III. Effect of different strains on some 
fungal functioning variables

Means with different letters in the same column differ from each 
other according to Duncan test (P <0.05)
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The highest aerial dry mass production with this 
strain reached 7,3 t ha-1, results that correspond to 
long days and high precipitations (approximately 
171 mm) throughout the growing stage, favoring the 
vegetative increase in a shorter period. However, 
in spite of obtaining the best results with the strain 
Glomus cubense, it is also important to point out 
the good behavior in the production of dry mass by 
the strain Rhizophagus intraradices (6,3 t ha-1) for 
this type of soil.

The results of the dry mass in canavalia in 
the presence of the strains Glomus cubense and 
Rhizophagus intraradices are in correspondence 
with the reported in the literature on this species 
as green manure in agricultural systems. Aerial 
mass production increased favorably with the 
onset of rains, yielding yields of 5,33 t ha-1 of dry 
mass, in addition to increases in N and P in nutrient 
absorption. Under the agroclimatic conditions of 
Cuba this species grows and develops very fast 
during the spring season, coinciding with the 
rainiest months (May-October)D.

It has been shown that green manures in 
the summer grow faster and accumulate more N,  
due to the intensity of sunlight (21). As precipitation 
increases, the growth of the plants used as green 
manure increases, and the greater production of 
phytomass increases the nutrient content (22, 23).

Legumes are plants that  respond more 
vigorously to AMF inoculation and a greater 
association of hyphae for an increase in nutrient 
transfer (3). This approach ratifies the results 
shown when evaluating the nutrient content (N, P, K), 
where differences were observed in the plants 
inoculated with the different strains compared to 
the control without inoculation.

The highest amounts of nutrients were found 
in the canavalia when inoculated with the strain 
Glomus cubense, with N values higher than  
264,9 kg ha-1 and average values of 37,6 and 
226,7 kg ha-1 of P And K, respectively, which are 
in correspondence with the results obtained in the 
growth of the dry leaf mass (Table II).

Species such as canavalia accumulate much 
more N than other species of plants and it has 
been suggested that it is due to the greater aerial 
phytomass produced by the legumes and the BNF. 

This process, in conditions conducive to growth, 
leads to greater aerial and radical development, 
which implies a greater exploration of the soil and 
if the availability of elements allows, increases the 
absorption of these depending on the extraction 
capacity of the roots (6).

The nutrient uptake indicates the response 
degree of  each spec ies,  accord ing to  the  
fungus-host symbiosis, which is why there is 
compatibility among legume species used as 
green manure with native AMF and inoculated  
species (24).

Table III shows the number of AMF spores 
in  the  so i l  and  mycor rh iza l  co lon iza t ion ,  
after cutting the canavalia plants at 60 days of age.

When inoculating canavalia with different 
species of AMF, the multiplication of AMF spores 
in the soil after cutting and incorporation of these 
plants is guaranteed, compared to the number of 
spores at the beginning of the experiment, which 
was 299 spores in 50 g of soil dry. The treatment 
without inoculation at the end of the experiment 
had less spores than at the beginning. On the 
other hand, a better behavior was observed in 
the variables evaluated with the presence of  
Glomus cubense and Rhizophagus intraradices 
strains, showing significant differences with the rest 
of the strains and the control without inoculation.

The canavalia inoculated with the strains  
G. cubense and R. intraradices, has a percentage 
of colonization of 58 and 56 %, respectively, and 
greater number of spores per gram of soil, being 
a relation between the number of AMF spores per 
gram of soil and the percentage of colonization.
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These results are related to those obtained 
in canaval ia, when f inding a percentage of 
colonization of 55 % and the number of spores per 
gram of soil, which is greater where canavalia is 
cultivated, depending on the sampling period and 
the phenological phase of the plant (3).

Other studies indicate that the percentage 
of colonization is higher with inoculation of 
mycorrhizae in relation to the control, concluding 
that the inoculation of AMF had a positive effect on 
root colonization (25).

In spite of observing an increase in the number 
of spores, it was possible to be appreciated that 
these soils have a high content of native spores 
and that the use of the canavalia as green fertilizer 
favors the reproduction of these. AMF naturally 
exist in soils and green subsistence practices may 
increase the presence of their infective propagules, 
which is why canavalia is considered a species of 
high mycorrhizal response capable of multiplying 
native soil spores (4)E .

The G. hoi- l ike  strain, nowadays cal led  
Glomus cubense ,  had a greater number of 
spores than the other AMF strains in canavalia 
cultivated in Red Ferralitic soil, being this effective 
not only in growth and nutrition, but also in the 
reproduction of the mycorrhizal propagules. This 
is another additional benefit obtained using green  
fertilizers (3).

Recent studies have reported that canavalia 
is a plant species, which among other advantages 
when used as a green manure, has the peculiarity 
of multiplying the propagules of AMF in the soil, 
whether native or inoculated and thus favor 
mycorrhizal colonization of the later crop, thus 
providing an added value as green manure in the 
agricultural systems (8).

Studies with green manures and mycorrhizal 
inoculation in Red Ferralitic Leachate soils, affirm 
that the increase of AMF spores in these soils is 
due to the growth of the green manures, being a 
relation between the dry mass produced and the 
spores found in the rhizosphere of the Canavalia 
plants They also emphasize that the reproductive 
intensity of the propagules is directly related to 
the differences in the growth of green manures. 
The explanation for this is that the multiplication of 
spores is a consequence not only of the mycorrhizal 
association of these crops, but also of the growth 
of plants (26).

CONCLUSIONS
The highest contributions of fresh mass, 

dry mass and nutrients (N, P, K) for this type 
of  so i l  were reached when canaval ia  was 
inoculated with the strain Glomus cubense . 
The mycorrhizal function in a Ferrallitic Reddish 
Yellowish Leachate soil dedicated to the cultivation 
of tobacco was increased with the use of canavalia 
inoculated with the strains Glomus cubense and 
Rhizophagus intraradices.
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