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Abstract: 
 

The present study has the objective to use mycorrhizal fungi to improve the production of dry 

matter in three legumes which are considered as forage use. The design used was randomized complete 

blocks. Treatments evaluated were mycorrhizal fungi, Fertilized inorganically, Commercial biofertilizer 

and Control without inoculum. The variable evaluated was dry matter production in three periods of 

evaluation. The highest values of dry matter production observed in Mucuna pruriens were 196.5g/m
2
for 

the control, 194.5 g/m
2
mycorrhiza treatmentand 192.4 g/m

2
for inoculated treatment, in respect to 

Clitoriaternatea, control and mycorrhiza treatments showed the best yielding with 182.3 and 163.1 g/m
2
 

respectively and for Centrosemamacrocarpumwere the treatments not fertilized and mycorrhiza with 25.4, 

23.5 and 20.8 g/m
2
 respectively. Our results showed that mycorrhizal could be an option to fertilize these 

legumes which could be include in livestock production, on the other hand, mycorrhizal in soils can be 

capable to associate with many plant forage species. 
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I. INTRODUCTION 
 

The quality of forage species is usually limited by 

good nutrition in soils (Ford et al., 2019), 

furthermore, in order to improve the dry matter 

production is necessary to use high quantity of 

inorganic nutrients (Martin, 2018). In tropical 

regions, adequate quantity of nitrogen is not 

available for plants in soils (Figueroa et al., 2020) 

furthermore that the costs are higher (Khadda, 2021; 

Obando et al., 2010). One of the solutions to 

resolve this problem is the use of legumes forage 

species that have the capacity to obtain great 

quantity of nutrients and are nutritive source for 

ruminants (Castro-Montoya and Dickhoefer, 2020; 

Gaviria-Uribe et al., 2020), furthermore, those 

legumes have the potential to reduce the CO2 

emitted during the manufacturing of chemical 

nitrogenous fertilizers through their biological 

nitrogen fixation (BNF) capacity (Romanyà and 

Casals, 2020; Kumar et al., 2018). Another 

characteristic of those legumes forage species is the 

symbiosis with certain microorganisms to obtain 

better nutrients.  

The use of this type of microorganisms in 

agriculture is called biofertilization which can be an 

alternative to reduce the use of inorganic fertilizers 

in forage production (Itelima, 2018). The use of this 

products offers an economic and ecologic 

possibility for farmers (Bhowmik and Das, 2018). 

The beneficial microorganisms for plants usually 

interact in the rhizosphere (Mishra et al., 2017) 
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which is an area when occurs a wide biological and 

chemical processes that provide maintenance, 

operation and stability of agricultural production 

systems (Aguirre, 2006), uptake of nutrients for the 

plant as well as nitrogen fixation (Hu et al., 2021), 

transport and solubilization of phosphorus 

(Stamenkovićet al., 2018), production of growing 

regulatory substances in roots etc. (Aguirre, 2006). 

The use of biofertilizers is a technology in 

agroecosystems that can help to generate 

microhabitats in rhizosphere (Patel et al., 

2021),moreover, they can contribute to reduce the 

use of inorganic fertilizers (Divan et al., 2008; 

Mayz-Figueroa, 2004; FAO y GTIS, 2015). 

One of the biofertilizer that is used in nitrogen 

fixation is the mycorrhizal. Those microorganisms 

are a symbiotic mutualistic relationship between 

special soil fungi and fine plant root system. 

Mycorrhizal fungi are a heterogeneous group of 

diverse fungal taxa, associated with the roots of 

over 90% of all plant species (Nath and Meena, 

2018). In this symbiotic mutualistic, fungus 

supplies inorganic nutrients to the plant and plant 

supplies organic nutrients. The establishment of this 

association implies strengths interdependences 

between fungi and plant to the point that the 

mycorrhiza is part of the root system (Corredor, 

2008).  Mycorrhizal association are generated in all 

vascular plant with some exceptions as Crucifers, 

Quenopodiaceae, Ciperaceae, Caryophylaceae and 

Juncaceae families (Azcón Aguilar y Barea, 1997). 

Although mycorrhizal associations are generally 

considered non-specific, there could be specific 

compatibility between certain fungus-plant species. 

On the other hand, they present broad scientific 

interest due to their usefulness in studies of a 

physiological nature in plants, in microbiology, 

applications to biotechnology in commercial 

horticultural and ornamental production and in the 

recovery of arid zones and degraded soils 

(Hernández and Chialloux, 2001). It can also be 

used against rhizosphere pathogens. Accord the 

above mentioned the objective of this research is to 

use mycorrhizal fungi to improve the production of 

three tropical legumes with forage potential. 

 

 

II. MATERIALS AND METHODS 
 

Study area, soil and climate conditions 
The present study was carried out in laboratory of 

Instituto Nacional de InvestigacionesForestales, 

Agrícolas y Pecuarias (INIFAP), campo 

experimental Chetumal and plot of co-worker 

farmer from Xul-Ha that is located in Othon P. 

Blanco, Quintana Roo at 3.5 km of Xul-Ha 

community with 21°30' N and 89°29' W 

coordinates at 10 masl. Climate conditions are 27.6° 

C and 62.3% of relative humidity on average, 

annual medium precipitation is 1300 mm and the 

period with the most precipitation was from June to 

November with 70% of precipitation. The soils of 

the study area are the so-called chromic luvisols, 

characterized by having a good content of organic 

matter. 

 

Obtention of samples from rhizosphere 
 

It was selected five better plants of the next 

species: Clitoriaternatea, Mucuna pruriens, 

Leucaena leucocephala, Sesbania sesban, Pueraria 

phaseoloides, Centrosemapubescens, Centrosemasp, 

Cajanus cajan andMacroptilliumatropurpureum. 

Then, it was used the Hoffer barrier to obtain five 

samples per plant from rhizosphere. In total it was 

obtained 25 samples per species which were mixed 

to homogenize and then taken 500 g per species. 

The samples were collected in plastic bags to get in 

the laboratory. 

 
Isolation of Mycorrhizal fungi 

 

To isolate the mycorrhizal fungi, it was used the 

sieved and decanted technique by Ferrera-Cerrato 

(1993). In the first step, it was carried out a 

suspension with 100 g of manure dissolved in 2 

liters of water, and then the suspension was shaken 

in mechanical way for five minutes and rested three 

minutes in order to eliminate big particles by 

sedimentation. The suspension was filtered and 

washed with enough water in 500 and 44 µM sieves. 

This process was carried out twice. The final 

filtering was put on graph paper and counted in 

stereoscope microscopy to be classified. 
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Inoculant reproduction based from mycorrhizal fungi 

 

For reproducing these fungi, it was considered 

the type of host plant. In this case, it was selected a 

plant with strong dependence with mycorrhizal 

fungi. These plants were short cycle plants (from 4 

to 6 months) with abundant radical system. When 

plant life cycle finished, the aerial parts of the plant 

were separated and roots were dried in the same 

substrate at room temperature. Then, the colonized 

rootlets with mycelium and spores were extracted 

and hammer mill crushed. The inoculum was pun 

inside of plastic bags and cooled at 4°C. Finally, it 

was prepared a suspension with inoculum and was 

applied directly in plants. 
 

 
Biofertilizers evaluation in field and experimental design 

 

For field evaluations were used Mucuna pruriens, 

Clitoriaternatea, and Centrosemamacrocarpum as 

host plants. The species were sown in a row in rows 

of five meters. The size of the plot was for each 

species four rows of 5 m each, at distances of 0.5 m 

from each other. The sampling area covered the two 

central rows up to 0.25 m on each side of them and 

not including the final 0.5 m at each end (of its 

length). The total dimensions of the effective or 

sample plot were 1 m x 4 m = 4 m
2
. The total 

sampling plot was divided into four subplots of 1 

m
2 

each for independent samplings taken after 

regrowth, for this purpose the frame was used. 

Three repetitions per treatment were sown. The 

design used was randomized complete blocks. 

Treatments evaluated were mycorrhizal fungi, 

fertilized inorganically, commercial biofertilizer 

and control without inoculum. The variable 

evaluated was dry matter production in three 

periods of evaluation. An analysis of variance and 

Tuckey's test were performed for the difference of 

means. 

 

 

 

 

III. RESULTS AND DISCUSSION 
 
Identification of mycorrhizal fungi 

 

The isolation of mycorrhizal fungi allowed the 

identification of three spores of black, amber and 

brown colorwhich depended on the type of soil and 

host plant. The types of mycorrhiza observed were 

arbuscular of the genus Glomus, which is 

characterized by forming intracellular arbuscules 

and undoubtedly those of greater diffusion and 

economic and ecological importance due to the 

symbiotic association that they form with the host 

plants. Mycorrhizal associations are generally 

considered non-specific, that is, any symbiont 

fungus can colonize any receptive plant (Sanders, 

2002). However, there may be a preference or 

better compatibility affinity between certain fungus-

plant pairs (Genre et al., 2020; Tedersooet al., 

2020). In contrast, there are also cases such as 

Eucalyptus in which the total associative non-

specificity means that these and other species are 

colonized at the same time by formations as 

different as ectomycorrhizae and endomycorrhizae 

(Sugiyama and Sato, 2021; Clasenet al., 2018). 
 

Dry matter production in treatments with mycorrhizal fungi 

in field 

 

Dry matter production (DM) in treatments 

evaluated in Mucuna pruriensshowed differences 

between treatments (P≤0.05). The highest values 

without finding a significant difference between 

them were 196.5, 194.5 and 192.4 g/m
2
 of DM for 

the control, mycorrhiza and inoculated with 

Rhizobium treatments respectively, compared with 

the fertilized and commercial ones that presented a 

production of 173.7 and 178.4 g/m
2
 of DM 

respectively (Table 1). Biofertilizers applied to 

grass and legume meadows have shown their 

benefits in very short periods (Aguirre, 2006), as 

can be seen in these data obtained for M. pruriens, 

since although the control treatment had the highest 

value, no one was found. High significance 

compared to biofertilizer treatments. 
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Table 1. Yield of dry matter by treatments for 

Mucuna pruriens 

Treatments 

Yielding of dry matter (g/m
2
) 

1
st
 

period 

2
nd

 

period 

3
th

 

period 
Average 

Mycorrhizal 

fungi 160.8
a 

240.4
a 

182.4
c 

194.5a
 

Fertilized 

inorganically 136.3
c 

166
d 

218.7
a 

173.7b
 

Commercial 

biofertilizer 130.2
c 

215.3
c 

189.8
c 

178.4b
 

Control without 

inoculum 147.4
b
 238.7

b
 203.5

b
 196.5a 

Similar letters correspond to treatments statistically 

equal accord Tukey test (P≤0.05). 

 

In respect with DM production in Clitoriaternatea, 

it was observed that the behavior of this legume 

varies according to the treatments since the 

maximum values have significant differences, and 

correspond to the control and mycorrhiza 

treatments with yields of 182.3 and 163.1 g/m
2
 

respectively. These results agree with that reported 

by Aguirre (2006) who observed in a study with 

legumes that treatments inoculated with the 

microorganisms alone or in combination showed 

similar trends in terms of the accumulation of dry 

matter compared to the control without inoculation. 

This response could be to the plants that are in 

native soils have the capacity to create easy 

symbiosis with different microorganisms and 

produce DM accord environment plant 

requirements (Wanget al., 2021).  

 

Table 2. Yield of dry matter by treatments for 

Clitoriaternatea 

Treatments 

Yielding of dry matter (g/m
2
) 

1
st
 

period 

2
nd

 

period 

3
th

 

period 
Average 

Mycorrhizal 

fungi 81.5
b 

348
a 

60
d 

163.1
b 

Fertilized 

inorganically  58.2
c 

296
b 

 89
c 

147.7
c
 
 

Commercial 

biofertilizer 80
b 

179
d 

99
c 

119.3
d 

Control without 

inoculum 148
a
 244

c
 155

a
 182.3

a
 

Similar letters correspond to treatments statistically 

equal accord Tukey test (P≤0.05). 

 

For Centrosemamacrocarpum, significant 

differences (P≤0.05) were observed between the 

treatments not fertilized and mycorrhiza for dry 

matter production with 25.4, 23.5 and 20.8 

g/m
2
respectively.The fertilizer and commercial 

biofertilizer treatments presented DM production of 

1.0 and 2.92 g/m
2
 respectively. This response could 

be that the application of high doses of nitrogen 

have adverse effects on the various crops (Timsina, 

2018; Rizvi and Khan, 2018; Coskunet al., 

2017).When the availability of nitrogen is high in 

the soil, the microorganisms do not fulfill their 

function of fixing atmospheric nitrogen (Joneset al., 

2018) but take up the available nitrogen in the soil, 

therefore the symbiotic process is not established 

(Masson-Boivin and Sachs, 2018). 

 

Table 3. Yield of dry matter by treatments for 

Centrosemamacrocarpum 

Treatments 

Yielding of dry matter (g/m2) 

1
st
 

period 

2
nd

 

period 

3
th

 

period 
Average 

Mycorrhizal 

fungi 4
b 

12.8
a 

53.8
b 

23.5
a 

Fertilized 

inorganically 1
d 

1
c 

1
d 

1.00
c 

Commercial 

biofertilizer 2.7
c 

2
c 

4
c 

2.92
c 

Control without 

inoculum 5
b
 6.6

b
 64.6

a
 25.4

a
 

Similar letters correspond to treatments statistically 

equal accord Tukey test (P≤0.05). 
 

IV. CONCLUSIONS 

 

Mhycorrizal in soils can be capable to associate 

with many plant forage species. The host plants 

Mucuna pruriens, Clitoriaternateaand 

Centrosemamacrocarpum could be alternative 
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species to be used in livestock due to their capacity 

to associate with mycorrhizal fungi, furthermore, 

these findings propose solutions to use this species 

legumes with biofertilizers in tropical livestock 

production. 
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