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Abstract: In order to improve the sustainability of livestock systems at Cumaral, Meta, under tropical 

conditions of Colombia, implementation of different Brachiaria decumbens production technologies can be 

beneficial for a better soil fertility. This study aimed to evaluate the effects of two pastures type (Factor A): 

(a) Brachiaria decumbens grass (B1) and Brachiaria decumbens grass associated with kudzu Pueraria 

phaseloides legume (B2); (b) Factor B: Four lime (CaCO3) doses: L0 = 0 tons ha-1, L1 = 1.1 tons ha-1, L2 = 

2.2 tons ha-1 and L3 = 3.3 tons ha-1; and (c) Factor C: three N, P, K fertilizers sources: 100 kg ha-1 Urea, 200 

kg ha-1 triple superphosphate (TSP) and 100 kg ha-1 potassium chloride (PCl) on arbuscular mycorrhizal fungi 

(AMF) and soil chemical properties (SCP). Cluster analysis showed that B2*L3, L2*Urea, TSP, PCl increased 

the number of AMF spores per g soil and improved soil chemical properties (SCP), as B1*L3*Urea, TSP, 

PCl, in cluster 1, higher lime doses were the most influential factor, indistinctly pasture type, as N, P, K 

fertilizer sources showed low effect in cluster conformation. Farmers in the area can implement these B. 

decumbens technological practices that help improve the sustainability of livestock systems at tropical zones. 

HIGHLIGHTS 
 

 Brachiaria decumbens pasture associated with kudzu Pueraria phaseloides legume represents an 

alternative for higher arbuscular mycorrhizal fungi (AMF). 

 Higher lime doses presented high rates of AMF and improved soil chemical properties (SCP). 

 Higher lime doses were the most influential technological factor than the type of pasture and the N, 

P, K fertilizer sources on AMF. 
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INTRODUCTION 

Arbuscular mycorrhizal fungi conservation at tropical soils is a priority, since most of the improved 

pastures of Brachiaria decumbens in acid soils are of very low soil biology and fertility (SBF), mainly 

phosphorus (P). Acid soil limit pasture growth, yield and quality, reduce availability of such nutrients as P, 

permit elements such as Mn, Fe and Al that can be toxic for plants [1]. In tropical pastures, such an integrated 

soil fertility a number of innovative and efficient agricultural technologies has been adopted.  

The inclusion of production technologies as legumes on pastures is an important alternative to improve 

soil nutrient availability and its absorption by plants that improve pasture yields [2]. Pasture P nutrition, with 

emphasis on legume may be affected positively in response to a positive consequence on arbuscular 

mycorrhizal fungi (AMF) number [3]. Furthermore, Costa and coauthors [4] hypothesized that Pueraria 

phaseloides-AMF integration could be involved in soil nutrient bioavailability. This more rational alternative 

management of both the pasture-legume association and the action of the AMF, can guarantee the 

sustainability of livestock systems [5], legume-type forage plants are probably better adapted to a low 

availability of soil P, developing high efficiency in the use of this nutrient, through mechanisms that until now 

are not very clear.  

Legumes in the pastures fix nitrogen (N) and the rhizobacteria have a marked influence on the formation 

and the functioning of AMF [6], considering the high costs of N fertilizers [7], it is a viable option to improve 

pasture conditions. In agricultural systems, Herridge and coauthors [2], reported biological nitrogen fixation 

(BNF) to be of 227 kg N ha-1 annually for legume crops. Mycorrhizal symbiosis in legumes markedly increases 

the absorption of soil nutrients such as N, K, calcium (Ca), magnesium (Mg) and P especially [8], improves 

the transport and absorption of water in the pasture.  

On the other hand, Aluminium (Al) toxicity is considered the main limiting factor for pastures growth on 

acid soils [1]. Liming of acid soils as technological strategie is the most adequate way to reduce their available 

Al contents; since the increase in pH can have adverse effects on the infectivity of native fungi that are 

adapted to acid soil conditions [9], which can reduce the formation of AMF [10]. Improvement of the pH and 

nutritional content of the soil are related to an increase in the density of AMF spores [11]. The pH level affects 

the number of spores of AMF because a slight increase in this level changes affect soil nutrients [3]. In 

Oxisoils the levels of available nutrients are not only depleted, but the soils contain no appreciable minerals 

reserves de Ca, Mg, K to be released, however, through of liming practice, the Ca and other soil bases can 

be improved [1].  

The effect of fertilizers as other technological agricultural practice on AMF and soil chemical properties 

(SCP) should be tested, since very little has been investigated in tropical soils. According to Zhong and 

coauthors [12], high doses of mineral fertilization can inhibit the functioning of AMF; by contrast low doses of 

mineral fertilizers increased mycorrhizal colonization and crop yield [13]. According to Szanser and coauthors 

(2011), the addition of N can inhibit the colonization of AMF in some species of cultivated plants, its 

depressive effect being greater than that of P. However, fertilization experiments have shown that N, P, and 

potassium (K) all may limit soil microbial processes to some extent [14,15]. In many of tropical pasture sites, 

strong limitation of N and P together has been demonstrated. Gómez-Carabalí and coauthors [16] indicated 

that the introduction of grasses and legumes adapted to acidic and nutrient-poor soils, and the supplement 

of P with low amounts of fertilizer, can help the restoration of degraded sites, increasing the amount of AMF.  

According to the above described, the objective of this research work was to evaluate the effect of 

different technological practices associated to pasture of Brachiaria decumbens grass in order to maximize 

the number of AMF, improving soil chemical properties, contributing for a more sustainable livestock 

production at tropical zone of Cumaral, Meta department, East of Colombia.  

MATERIAL AND METHODS  

Site description 

The study was conducted during September 2017 to September 2018, out in a field experiment 

established in pastures of Brachiaria decumbens grass at Cumaral city, Meta Department Piedmonts, East 

of Colombia, 26 km away from Villavicencio city. Geographic coordinates of (4º 16` N, 73º 29` E, 452 m.a.s.l.). 

Average temperature of 21 ºC. It has a cattle herd of about 52,300 cattle animals. This experiment was 
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conducted during one year on tropical pastures and soil conditions. The topography corresponds to a flat 

plain and the soil is classified as Oxisoil (Jaramillo, 2002). 

Initial soil conditions 

Initial soil analysis (0-20 cm depth) indicated that soil acidity limited the capacity of the soil to supply 

nutrients. Description of soil properties showed extremely acid soil, such as a low pH (4.5), a low total Ca, 

Mg, K contents (2.0, 1.3, 0.2 cmolc kg-1) respectively, a high Al concentration (3.1 cmolc kg-1) and a low 

available P (2.0 mg kg-1). In these soils, P contents are particularly low and range from 3 to 5 mg kg-1 [17].   

Treatments and statistical design 

A complete block design at random was applied in a factorial (2 x 4 x 3) arrangement and three 

repetitions, for a total of 72 experimental units. Each experimental area was 20 m2 (4 m x 5 m), for a total 

experimental area of 1,440 m2. For the purposes of soil sampling, a useful area of 12 m2 (3 x 4 m) was 

considered, to avoid the effect of borders. 

The technological factors evaluated were: (a) two type of pasture (Factor A), that corresponded to 

pasture of B. decumbens grass (B1) of more than 10 years and pasture of B. decumbens pasture grass 

associated with Kudzú P. phaseloides leguminous (B2) of 2 years, the renewal of the legume on pasture is 

done every six months, sowing the legume with a pasture renovator; (b) four lime doses (Factor B) were 

estimated according to initial soil analysis, which is calculated as follows, as previously described by 

Cochrane and coauthors [18].  

Lime (CaCO3) doses (ton ha-1) = 1.8 x (Al - (CAS (ECEC))/100)                             (1) 

Where lime doses is the amount of calcium carbonate CaCO3 (tons ha-1); 1.8 is a constant adapted for 

account the result in tons ha-1. Al is exchangeable soil aluminum (cmolc kg-1); CAS is critical aluminum 

saturation Als that can tolerate pasture (35%) under tropical conditions, ECEC is effective cation exchange 

capacity (cmolc kg-1), which is the sum of exchangeable bases (Al, Ca, Mg, K), using potassium chloride 1M 

as extractant by Al and ammonium acetate 1M at pH 7.0 by Ca, Mg, K bases. 

When Als of exchange capacity exceeds 60%, appreciable amounts of Al start to get into the soil solution, 

at this point plant Al toxicity, caused by soil acidity, can occur [17]. 

Cochrane and coauthors [18] proposed that the liming requirements of acidic soils be estimated in terms 

of a target level of Al saturation. Based on these concepts and data, the treatments of lime (CaCO3) (Factor 

B) is defined as follows: 0 tons ha-1 (L0), 1/3 recommended lime dose accounting for 1.1 tons ha-1 (L1), 2/3 

recommended lime dose accounting for 2.2 tons ha-1 (L2), 3/3 recommended lime dose accounting for 3.3 

tons ha-1 (L3), through broadcast application on pastures already established; (c) factor C corresponded to 

three N, P, K fertilizers sources: 100 kg ha-1 of Urea (Urea), 200 kg ha-1 of triple superphosphate (TSP), 100 

kg ha-1 of potassium chloride (PCl) [19], through total applications together with the practice of the application 

of lime, which was before the first cut, each cut of 45 days, and the variables were evaluated after the third 

cut. 

Field experiment management 

This field has been under 0.5 tons ha-1 of CaCO3 and 100 kg ha-1 of complete NPK fertilizer conditions.  

The treatments were applied only once at the beginning of the experiment, remaining height of pastures at 

sampling was approximately 5 cm, obtained through simulated grazing. The experimental units were 

monitored during the following twelve months, the pastures were grown using standard recommended 

practices for extensive pastures at Cumaral. An integral management of pests and diseases was carried out.  

Field sampling and soil chemical analysis 

Before starting the experiment, a soil sample composed of three points taken at random in an area of 

720 m2 was extracted and a complete chemical analysis was carried out in order to define the lime dose 

treatments. In each of the experimental units a sample composed of three points was extracted at a depth of 

0.20 m, to make SCP determinations using standard analytical procedures of Jaramillo [17]. The 

measurements were made a year after the trial was established, after the fourth cut, each cut three months 

[19].  

The most important soil chemical properties from this analysis were pH by the potentiometric method 

soil: water (1:1); available soil P (mg/kg) by the Bray II method with NH4F 0.03N; exchangeable aluminum 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


4 Silva Parra, A.; et al.  
 

 
Brazilian Archives of Biology and Technology. Vol.64: e21190323, 2021 www.scielo.br/babt 

(Al) (cmolc kg-1) by PCl-extractable cations 1N; and soil bases Ca, Mg, K contents (cmolc kg-1) with NH4OAc 

1M extraction. The effective cation exchange capacity (ECEC) was obtained from the arithmetic sum of the 

concentrations of the exchangeable Ca, Mg, K and Al cations, whereas Al/ECEC was multiplied by 100 to 

obtain the exchangeable Al saturation (Als). Bases sum levels (V) (cmolc kg-1) is the sum of Ca, Mg, K. The 

critical ranges for the soil’s elements were evaluated according to Guerrero [19]. 

Extraction and counting number of AMF spores 

A laboratory trial was conducted at Phytopathology Laboratory of the Faculty of Agricultural Sciences 

and Natural Resources at University of the Llanos, the extraction of spores of arbuscular mycorrhizal fungi 

(AMF) was performed by the sieving method in aqueous solution applied by Soteras and coauthors [20]. 100 

g of soil were passed through sieves of 500, 200 and 38 µm and thoroughly washed with distilled water, and 

the soil fraction between 500 and 200 µm was distributed onto plastic tubes. 25 mL of the spore suspensions 

were transferred to 50 mL centrifugation tubes. 25 mL of a 70% sugar solution (w/v) were added to the bottom 

of the tubes, and then the tubes were centrifuged at 2,000 rpm for 2 min. Finally, after centrifugation, the 

samples were decanted, washed, and transferred to Petri dishes. Spores were carefully counted under the 

dissection microscope at up to 400-fold magnification. The spores for count were grouped according to their 

morphological characteristics as color, shape, size and presence/absence of hyphae [20]. The abundance of 

AMF spores was expressed as number of spores per g of soil.  

Statistical analysis  

The data obtained in the field were analyzed statistically with the Infostat program (version 2017) and a 

oneway analysis of variance to evaluate the significant differences among means of all tested parameters at 

99% level of confidence. Further statistical validity of the differences among treatment means were estimated 

using the Tukey’s test at 95% level of confidence for analysis of simple and double factors. The triple 

interactions between factors were analyzed through multivariate analysis to shape cluster, using Euclidean 

distances. 

RESULTS 

The analysis of variance indicated highly significant differences for type of pasture, lime dose for all the 

variables analyzed, except for the N, P, K fertilizer sources, while, the interaction of lime doses* N, P, K 

fertilizer sources showed highly significant differences only for AMF and available soil P, in this sense, only 

these responses were analyzed using tukey tests at 95% probability, on the other hand, analysis of variance 

showed that all triple interactions were highly significant for the variables analyzed, and were analyzed using 

cluster analysis. 

Effect of pasture type on arbuscular mycorrhizal fungi and soil chemical properties 

Numbers of spores of arbuscular mycorrhizal fungi and soil chemical properties were significantly 

affected by pasture type technology (factor A), providing B1 the lower AMF abundance (8 spores per g of 

soil), while the highest abundance was recorded in B2 (13 spores per g of soil) (P < 0.05) (Table 1). Greater 

conservation of AMF in B2 was associated with increases in pH, exchangeable bases (Ca, Mg, K), ECEC 

and V, less exchangeable Al and Als that decreased, showing significant differences with B1 (P < 0.05) (Table 

1). 
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Table 1. The effect of pasture type technology on the abundance of arbuscular mycorrhizal fungi and soil chemical 
properties. Averages followed by the same letter indicate no significance by Tukey test (p<0.05). 

 

 

Pasture Typea 

 

AMF 

Soil chemical propertiesb 

pH Ca Mg K Al ECEC Als V P 

Spore per 
g of soil 

 -------------cmolc kg-1---------------- --------%---- mg kg-1
 

B1 8a 4.5a 2.0a 1.7a 0.3a 1.9b 6.3a 30b 4.4a 3.3a 
B2 13b 4.7b 3.0b 2.5a 0.4b 1.4a 7.4b 20a 6.0b 3.6b 

aB1 = B. decumbens grass; B2 = B. decumbens grass associate with kudzu P. phaseloides forage.  bAMF = Arbuscular 
mycorrhizal fungi, ECEC = effective cation exchange capacity; Als = Aluminum saturation; V = base sum level; P = 
phosphorus available.  

Effect of lime doses on arbuscular mycorrhizal fungi and soil chemical properties 

In Table 2, the relative number of spores of AMF and SCP for pH, exchangeable soil bases (Ca, Mg, K), 

ECEC and V increased with highest lime doses, that did not showed differences between them, but if with 

the lowest doses of lime, which showed low effect (P < 0.05). Effect of higher lime L3 doses on AMF could 

be improved by up to 126.8 % compared with L0, which increased V by 82.8 %, decreasing the exchangeable 

Al and Als (averages of 2.8 to 0.8 cmolc kg-1 and 43 to 10 %), respectively (Table 2). The increases of lime 

doses as technological practice also exerted a significant effect on the available soil P (P-Bray), this was 

increased from 2.0 to 5.1 mg kg-1 with no lime L0 compared to L3 respectively (P < 0.05) (Table 2).  

Table 2. Effect of different doses of lime technologies on the abundance of AMF (No. of spores per g of soil) and soil 
chemical properties (SCP). Averages followed by the same letter indicate no significance by Tukey test (p<0.05). 

Lime dosesa AMF 

 

Soil chemical propertiesb 

pH Ca Mg K Al ECEC 

 

Als 

 

V 
P 

spores 
per g of 
soil 

 -------------cmolc kg-1---------------- --------%------ mg kg-1 

L0 6.2b  4.2b 2.0b  1.5b  0.2b  2.8a  6.5b  43.0a  3.8b  2.0b  
L1 9.0b  4.4b  2.3b  1.7b  0.3b  1.8a 6.2b  31.0a  4.4b  2.6b  
L2 12.0a  4.8a  3.1a  2.2a  0.4a  1.2b  7.0a 17.0b  5.9a  3.9a  
L3 14.0a  5.1a  3.5a  2.9a 0.5a  0.8b  7.7a  10.0b  6.9a  5.1a  

aLime (CaCO3) doses: L0 = 0 tons ha-1, L1 = 1.1 tons ha-1, L2 = 2.2 tons ha-1, L3 = 3.3 tons ha-1; 
bAMF = Arbuscular mycorrhizal fungi, ECEC = effective cation exchange capacity, Als = aluminum saturation 
percentage, V = base sum level, P = phosphorus available.  

Interaction lime doses x N, P, K fertilizers sources technologies on arbuscular mycorrhizal fungi and 

available soil phosphorus 

As shown in Figure 1, number of AMF spores and available soil P were affected significantly by the 

interaction of lime x N, P, K fertilizer sources. Figure 1 present, number of AMF spores (Figure 1 A) that was 

significantly increased by L3, L2*Urea and available soil P (Figure 1 B) by L3*Urea. In Figure 1 A, number of 

AMF spores was 10 and 20% highest in Urea (P < 0.05) compared to TSP and PCl respectively, that weren’t 

significantly different (P >0.05). In Figure 1 B, L0*PCl, TSP presented the lowest levels of available soil P, 

which were not significant (P > 0.05). The results revealed significant increase in available soil P with 

integrated approaches of L3*Urea compared to TSP and PCl (P < 0.05). Urea in all cases with lime doses 

exceeded PCl and TSP, except in L0, where Urea was equal to TSP (P > 0.05) (Figure 1 B).  
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Figure 1. Interaction of doses of lime x N, P, K sources fertilizers on (a) soil available P; and (b) AMF abundance.  
1x-asis is lime (CaCO3) doses, L0 = No lime (control) (0 tons ha-1), L1 = 1/3 recommended of lime dose (1.1 tons ha-1), L2 = 2/3 
recommended of lime dose (2.2 tons ha-1), L3 = 3/3 recommended of lime dose (3.3 tons ha-1). 2y-asis is P (mg kg-1) (Figure 1 a), 

and AMF (No. spores per g soil) (Figure 1 b). Averages followed by the same letter indicate no significance by Tukey test 
(p<0.05).   

Principal Component Analysis and Agglomerative Hierarchical Cluster Analysis of triple interaction: 

pasture type x lime doses x N, P, K fertilizers sources technologies on Arbuscular Mycorrhizal Fungi 

under different SCP 

In order to examine the relationship between soil chemical properties and AMF and the agronomic factors 

adopted a principal components analysis was carried out principal component analysis (PCA) and the results 

are showed at the Table 3. In the PCA, PC1 and PC2 contributed 73% of variance among the variables 

observed in the study. The variables with the greatest contribution to 38% of the variance, expressed by the 

first principal component (PC1), were AMF, pH, Ca, Mg, ECEC, V, available soil P; as the inverse relationship 

of Al and ALs with the other variables were confirmed in cluster 1 conformation (Table 3, Figure 2). In PC2, 

which explain 35% of the variance, the variables with the greatest contribution and in a positive way that 

influence the separation of technological factor in cluster 2 were Als, ECEC and inversely soil pH (Table 3, 

Figure 2). 

Table 3. Principal component analysis of arbuscular mycorrhizal fungi under different soil chemical properties. 

 

PC1 

 

Soil chemical properties 

 
 

Partial and 
cumulative 

variance 
contribution 

AMF pH Ca Mg K Al ECEC Als V 
P            (%) 

PC 1 0.83 0.78 0.73 0.80  0.68 -0.84 0.83 -0.80 0.99 0.88 38 38 
PC 2 0.09 -0.70 0.06 0.16  0.21 0.37 0.70 0.70 0.14 -0.17 35 73 

1PC = Principal component, ECEC = effective cation exchange capacity; Als = Aluminum saturation; V = base sum 
level; P = available soil P. Values> 0.7 (absolute value) appear in bold.  
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Figure 2 represents the dendrogram for cluster analysis based on the similarity of the number of AMF 

spores under different SCP by technological factors of B. decumbens pasture analysed which formed two 

large groups, i.e., I, II using the Euclidean method. The first large (Cluster I) group was formed by 9 

technological factors, i.e., B2*L3/or L2*Urea/or TSP/or PCl fertilizers sources like B1*L3 *N, P, K fertilizers 

sources (Figure 2). Cluster II grouped 15 technological factors, there were non-significant differences 

between B2 and B1*L0/or L1*Urea/or TSP/or PCl fertilizer sources on number of AMF spores. Hence, it is 

found again that pasture type and N, P, K fertilizer sources were less influential factors on AMF, which 

indicated that cluster conformation the most influential factor was lime doses. The results in cluster 2, showed 

that lower lime doses are close to complying with lower SCP regulations on AMF, which results in a limited 

effect of the implementation of these technological practices for best B. decumbens pastures management. 

 

 
Figure 2. Cluster analysis (Euclidean distance) of the 24 interactions between pasture type x lime dose x N, P, and K 
fertilizer source on AMF and soil chemical properties.  

B1 = B. decumbens grass; B2 = B. decumbens grass associated with P. phaseloides forage. 
L0 = No lime (control) (0 t/ha); L1 = 1/3 recommended of lime (CaCO3) dose (1.1 ton ha-1); L2 = 2/3 recommended of 
lime dose (2.2 tons ha-1); L3 = 3/3 recommended of lime dose (3.3 tons ha-1) 
Urea = 100 kg ha-1; TSP = triple superphosphate 200 kg ha-1; PCl = potassium chloride 100 kg ha-1 
Significant difference (p < 0.05). 

DISCUSSION 

Effect of pasture type on Arbuscular Mycorrhizal Fungi and Soil Chemical Properties 

It is possible that the best response of B2 by the influence of legume in a grass pasture could also be 

due to higher SCP improve, which influenced greater on AMF abundance. However, according to the critical 

ranges by Guerrero [19], the results of SCP remain very low, except Mg. Studying the effect of type of pasture 

on arbuscular mycorrhizal fungi and soil chemical properties, species and varieties of pasture may differ in 

the AMF sporulation due to genetic factors related to root morphology, the rate of absorption of nutrients, the 

habit of growth and the influence of abiotic factors [20,21]. 

The radical morphology of pasture type is relate to the degree of mycorrhizal association and the ability 

to absorb nutrients [3]. Another effect of AMF on legumes is in the symbiosis tripartite with bacteria of the 

genus Rhizobium. The symbiosis with the bacteria provides for N fixed biologically (NFB), while the AMF 

increase the absorption of P, legumes provide bacteria and the contribution of AMF for the bacteria is 

photosynthates [22,23]., which also explains the better response of B2 compared to B1 on AMF. Martin and 

Rivera [24], has found a positive effect of legumes on the content of exchangeable cations and available soil 

P. Richardson and coauthors [25], state that the percentage of AMF colonization in tropical forage legumes 

varies from 3 to 41 %, which would indicate the ability of these species to maintain AMF populations. In 

accordance to our results AMF abundance was consistently stimulated by pasture type, which can be 

explained by Gonzales and coauthors [26]; Spagnoletti and coauthors [23].  
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The present study facilitated to determine that B2 produced a better effect on AMF and SCP as found 

by Fabrice and coauthors [27], due possibly to that legume in pasture can to increase root system and soil 

organic matter SOM, the increase in soil nutrients is an aspect of great interest to measure the effectiveness 

of the AMF symbiosis in the pasture, since the AMF can improve the absorption capacity of the roots and 

mobilize the P from the deepest levels of the soil. Soil microorganisms are vital constituents of the rhizosphere 

and they play key roles in P cycling [8]. Tajini and coauthors [28] showed as Glomus intraradices and 

Rhizobium tropiciCIAT899 increased P use efficiency for N2 fixation in the common bean (Phaseolus vulgaris 

L.) under P deficiency in hydroaeroponic culture.  

Frankow-Lindberg and Dahlin [29] indícate beneficial interaction of legume on N2 fixation, N transfer, and 

yield in grassland communities. Similarly, Martin and Rivera [24], also showed beneficial influence of legume 

on the main corn crop. Nitrogen transfer between a legume and accompanying grass species via arbuscular 

mycorrhizal fungal hyphae has been demonstrated by Lüscher and coauthors [5], legume plants had higher 

infection rates than grass. Hence, the fastest mineralization induced by legumes, significant higher amounts 

of N and other nutrients that can are soil release, which also can favor AMF.  

Reduction of mineral fertilizers with improve in the efficiency for legume on pasture, varies in the ranges 

of 25-60% [30], and leads, increases in the coefficients of use of these, as well as to a decrease in the critical 

indexes of the elements in the soil [19], as also to reduce GHG emissions to the atmosphere. The potential 

to incorporate the management of AMF to maximize pasture P use efficiency has been highlighted by crisis 

in available soil P reserves [11], for instance, advances in symbiotic interactions of beneficial AMF on 

pastures have led to the development of livestock systems at tropical zones of world. However, the benefit is 

broader and more complex, indicating that mycorrhizal interaction of legume and pastures can tolerate 

adverse environments, biotic and abiotic, as tolerance to the exchangeable soil Al [31], as was shown with 

respect to the effect of B2 to achieve the lowest Als content.  

According to Wu and coauthors [32], external mycelium of the AMF produces low molecular weight 

exudates or glomalin, and the heavy metal bio-absorption by the fungal hypha could be modulating the 

interactions between plants and soil Al. It is considered that the degree of toxicity by Al varies widely 

depending on the species of grasses, growth conditions, Al concentrations and exposure time [1]. According 

to Seguel and coauthors [33],  AMF colonization of plants increases the demand and influx of C fixation to 

the root cells, in turn the AMF increase the uptake of P, to which they transfer it to the host plant covering the 

possible limitations of P that can generated by the presence of Al in the rhizosphere, also stimulating the 

process of C in the roots, which results in the increase and availability of organic acids and other substrates 

of C for exudation, which in turn trap the exchangeable Al in the area of the rhizosphere. Hence, other 

explanation is that AMF is more sensitive to all the changes that take place in the legume-grass 

mycorrhizosphere as production of exudates and pH changes, which lead to Al chelation and retention, 

favoring SCP conditions in B2 compared with B1.  

Longo and coauthors [34], working with mucuna legume and bean guandul associated with Brachiaria 

humidícola, which were fertilized with NPK fertilizers, found SCP improvement. Pastures established under 

limiting conditions such as high acidity and low fertility of soils, higher levels of AMF colonization are 

associated with incorporation of legumes in pastures [11], generally with an increase in the acquisition of 

nutrients due to changes in exchangeable cations. According to Delgado and coauthors [35], four legumes 

used as improved fallows before rice and corn crops, increased Ca, Mg, K, P, Zn and SOM contents in an 

Inceptisoil at tropical zone of Colombia. AMF participation in the acquisition of K represents also an important 

way at tropical grassland; hence, K content was affected also positively by B2. Integrated legume-pasture 

are currently promoted agricultural production technology that aim to use better plant resources through 

production integration and intensification. 

Effect of lime doses on Arbuscular Mycorrhizal Fungi and Soil Chemical Properties 

Arbuscular mycorrhizal fungi and SCP were increased with L3 and L2 lime doses, liming is an effective 

and dominant practice to reduce the acidity of the soil which decrease the available of soil Al, Fe, Mn, Zn, 
and Cu contents, but increases the availability of other essential nutrients as P and soil bases [1]. The same 

authors suggest that the quantity of lime required depends on the soil type, quality of liming material, costs 

and crop species or cultivars. Result that was coincident with those found by Schneider and coauthors [10].  

Theoretically, in tropical soils, soil acidity is quantified on the basis of soil Als [17]. According to Pérez and 

Fuentes [36], they found that based on the soil physical and SCP, the factors that best explain the 

phenomenon of sporulation of AMF-forming fungi associated with the rhizosphere of Colosoana grass were 

pH and K; suggesting that the increased noted on AMF might be related to decreased Als. According to Pérez 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=L%C3%BCscher%2C+A
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and Vertel [37], high percentages of AMF colonization occur with moderate contents of P (18.94 mg kg-1), N 

(0.03%), very low values of Na (1.7 cmolc kg-1) and pH mildly alkaline (7.8). The low availability of P in these 

soils and the excess of exchangeable Al limit the development and production of tropical pastures [25]. The 

result of this research also was coincided with those obtained by Adesemove and Kloepper [8] and Costa 

and coauthors [4]. While L2 also increases AMF abundance and SCP, it is recommended technological 

practice due to that the highest restrictions of high lime doses use on pasture production that is the increase 

in costs, and GHG emission to the atmosphere [38]. 

Lime x N, P, K fertilizers sources interactions as practical technologies on Arbuscular Mycorrhizal 

Fungi and available soil P 

Pasture production in tropical soils requires large amount of lime and chemical fertilizers, which enhance 

nutrient release and availability for grass and forage nutrition [3-30]. Fertilizer has a positive impact to soil 

nutrients content, because macro nutrients consists of N, P, and K that are necessary for pasture growth 

[19]. The results suggested that increasing lime doses was promoted by AMF and available soil P in a dose-

dependent higher, due possibly to that the efficiency of N fertilization was improved by AMF, unlike sources 

with P and K; however, according to the critical ranges by Guerrero [19], the available soil P contents is lower 

in all treatments evaluated. AMF-pasture symbiosis can help pasture growth in acid soil by enhancing better 

pasture nutrition [11]. Pastures in tropical soils are characterized by very low fertility. Szanser and coauthors 

[39] affirmed that the starvation of several nutrients, of nitrate NO3
-, has been shown to reverse the inhibitory 

effect of P on AMF, promoting dominant AMF that counteracts the effects of high P levels. On the other hand, 

the effect of N fertilization may be overshadowed by N2O emissions to the atmosphere [30], although Bender 

and coauthors [40] suggests that AMF could regulate N2O emissions by enhancing plant N uptake and 

assimilation. Arbuscular mycorrhizal fungi and available soil P was adversely affected by P and K supply 

levels coinciding with the results obtained by Liu and coauthors [15]. Most fertilizer P applied to the soil is 

immobilized due to the strong adsorption of P to aluminum cations at low pH and calcium (Ca) [17], thus 

reduce P availability and consequently efficiency of P fertilizers. AMF exhibiting beneficial traits responsible 

for bio-solubilization of insoluble forms of P are presumably needed in most agricultural soils [11], where P 
use efficiency by pasture can be improve with liming practice at tropical soils [1]. 

Cluster analysis of triple interaction (pasture type x lime doses x N, P, K fertilizers sources) as 

practical technologies on Arbuscular Mycorrhizal Fungi under different SCP 

Understanding the impact of technological factors of B. decumbens on soil chemical properties (SCP) is 

crucial to understanding arbuscular mycorrhizal fungi (AMF). The first group accounting 37.6% of the 

analyzed B2*L2, L3*Urea, TSP, PCl factors and similarity B1 with L3, which are characterized by higher 

levels of number of AMF spores, which showed higher pH, soil bases, and available soil P, and lower Als 

related to “improved SCP” indicating a greater contribution at PC1, compared with second group (cluster 2) 

that account 62.5% of the others analyzed factors, with higher interchangeable acidity and ECEC apporting 

to PC2 conformation related to “soil acidity”. 

On the other hand, cluster analysis showed that especially lime is the most limiting technological factor 

on AMF under different SCP, since its effect could be verified, being that type of pasture and N, P, K fertilizer 

sources influenced less. Liming can optimize the efficiency of fertilizer use, partially reducing the 

environmental impact [1]. Consequently, AMF-plant relationship is not considered specific, because any 

species of AMF can colonize or symbiosis any plant [41], since they are found in practically all types of soils. 

Different Brachiaria grass types are widely planted in the tropics for sustainable livestock production, proving 

its effectiveness in soil fertility, indistinctly if it is associated or not with legume. Even though all tested 

fertilizers influenced in the same way on AMF under different SCP in B2 and B1, result not were coincident 

with Schmidt and coauthors [42], they affirm that P fertilizer to be the most important element in mycorrhizal 

regulation. Phosphorus fertilization has been shown to affect N uptake and N use efficiency [13]. Nouri and 

coauthors [43] suggested that AMF regulation depends on the complex’s interactions of soil nutrients 

pathways. The results obtained also make it possible to ensure that the efficiency of using N, P, K fertilizers 

is improved through of liming practice, acting in a similar way at SCP improve at tropical zones. 

 

 

 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6079243/#B203
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6079243/#B159
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6079243/#B159
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CONCLUSIONS 

The present investigation allowed to distinguish how B2 and highest lime doses as a technological 

practice allows to improve the SCP, influencing a greater number of AMF. The higher lime doses L3 worked 

better with Urea on availability soil P increasing the number of AMF spores, as also with L2. Cluster analysis 

showed that the most influential factor was highest lime doses, were pasture type and N, P, K fertilizer source 

used were less influential factors on AMF spores’ number under SCP improve. On the other hand, further 

studies may be conducted in the future to analyze the influence of soil physicochemical and biological 

properties on AMF populations to improve the sustainability of livestock systems at tropical zones. 
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