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Abstract: A greenhouse experiment was designed to determine the mycorrhizal symbiotic effectiveness in native mycorrhizal
fungi population associated with different soil coverage in the Cesar department. The experimental design was completely randomized with nine treatments and six variations per treatment, 54 experimental units in all. Treatments consisted of combination of soils which contained a substrate from different mulches or soil coal mining (soil-coverage): natural forest (NF), transition
soil (TS), a horizon (AH), mining waste (MW), palm (PM), pastures (PT), undisturbed soil (US), with its respective controls, positive Glomus mosseae (GM) and negative sterile substrate without inoculum (WI). The variables studied were foliar P content was
monitored as a function of time; at harvest, shoot dry weight, shoot P content, and mycorrhizal colonization represented the time
increments. The higher contents of P foliar obtained in the sampling period were for the positive control (GM) showing significant
differences between soil-coverage, except for ST and US assessed on the sampling day 74. Shoot dry weight had a significant
difference in GM, NF, TS, AH, PM and US treatments compared to the remaining three. Treatments with the most weight were
US and GM (positive control). Mining waste (MW), PT and WI (negative control) had the lowest values in mass. As expected, shoot
P content in the GM samples was higher and had significant differences compared to the other treatments. Soil-coverage closest
to the positive control were NF, US, and TS. All assessed treatments showed mycorrhizal colonization except the negative control (WI). Three soil-coverages PM, PT, and US were similar to the positive control, with colonization percentages of 29, 24 and
48 respectively. In conclusion, this kind of research suggests that symbiotic effectiveness experiments are an excellent tool for
the selection of native arbuscular mycorrhizal fungi. Besides, and as evidenced, soil-coverage NIT was statistically similar to the
positive control (GM), which makes it a candidate for mass crude inoculum production for restoration purposes.
Keywords: arbuscular mycorrhiza, Glomus mosseae, mycorrhizal effectiveness.
Resumen: Se realizó un experimento para determinar la efectividad simbiótica micorrizal en diferentes suelos-cobertura del
departamento del Cesar. Para el efecto se utilizó un diseño experimental completamente al azar con nueve tratamientos y seis
repeticiones por tratamiento, para un total de 54 unidades experimentales. Los tratamientos consistieron en la combinación
de muestras de suelos con un sustrato de crecimiento, procedentes de diferentes coberturas vegetales o suelos de minería de
carbón (suelos-cobertura): bosque natural (NF), suelo de transición (TS), horizonte A (AH), residuos mineros (MW), palma (PM),
pastos (PT), suelo no intervenido (US), con sus respectivos controles, positivo Glomus mosseae (GM) y negativo sustrato sin
inocular (WI). Como variables respuesta se emplearon el contenido de P foliar, el P total, la masa seca aérea (MSA) y la colonización micorrizal. Los mayores contenidos de P foliar obtenidos en el periodo de muestreo fueron para el control positivo (GM)
presentando diferencias significativas entre los suelos-cobertura, con excepción de TS y US evaluados en el día 74 del muestreo.
En la masa seca aérea existieron diferencias significativas de los tratamientos GM, NF, TS, AH, PM y US comparados con los
tres restantes. Los tratamientos con mayor masa fueron US y GM (control positivo). Por el contrario MW, PT y WI (control negativo) tuvieron los valores más bajos en cuanto a masa. Tal como se esperaba, en cuanto al P total absorbido, GM fue superior
y tuvo diferencias significativas comparadas con los demás tratamientos, los suelo-cobertura más cercanos al control positivo
fueron NF, US y TS. Todos los tratamientos evaluados exhibieron colonización micorrizal con excepción del control negativo (SI),
se resaltan tres suelos cobertura PM, PT y US que se asemejan al control positivo, con porcentajes de colonización de 29, 24 y
48 respectivamente. En conclusión, esta clase de investigaciones sugieren que los experimentos de efectividad simbiótica son
una excelente herramienta para la selección de inóculos de hongos micorricico arbusculares nativos. Además, y Tal como se
evidencia en los presentes resultados, el suelo-cobertura US fue estadísticamente similar al control positivo (GM), lo que lo hace
candidato para la producción en masa de inóculos crudos para fines de restauración.
Palabras clave: efectividad micorrizal, micorriza arbuscular, Glomus mosseae.

Introduction
The tropical dry forest (td-F) is an intermediate form between the tropical savanna and the tropical rainforest1. These
tropical ecosystems are the most biologically diverse in the
world2 and belong to a vegetative formation between 0 and 1000
m.a.s.l, with temperatures above 24 ºC and with two or three
1.
2.

times of drought per year3, 4, 5, 6, 7. Nearly 42% of the tropical and
subtropical habitats belongs to td-F8. South America represents
22% of the total forest area7. Miles et al.9 estimated that more
than half of the td-F remaining in the world (54,2%) is located
in South America. In Colombia, the td-F is the second largest
ecosystem in existence occupying 24.97 % of the country10. Over
the last century, the biodiversity in these ecosystems has been
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deteriorating because of human activity, replacement of forest
by agricultural fields, cattle, and mining. Such is the advance of
urbanization and industrialization processes11,12.
According to Janzen3 the td-F is considered one of the most
fragile ecosystems, due to the slow regeneration capacity and
the persistent deforestation threats. These are both natural
and anthropic issues. Moreover, the dry conditions which they
are subjected, seedling recruitment and the growth rates are
lower than the rainforest13,14. The td-F has become one of the
most threatened ecosystems in the world3,11.
The td-F in the Cesar department is not unaffected by the
changes caused by different anthropic activities to the soil.
Soils in these areas have different uses with negative consequences. Everyday activities such as farming, raising cattle,
growing oil palm crops, corn crops, as well as cotton production represents 44% of national productions in its best times.
Cotton and rice production were essential for the Cesar department’s development in 1976, using 52% of the agricultural
land15. As of late, coal open pit mining has been the primary
source of income for the area.
Coal mining started in the 1980s and was already an underway in the departments of Cesar, La Guajira, and Córdoba.
Mining presented a significant dynamic growth in the regions
and economic sustainability. According to Sánchez et al16,
between 1988-2003, Colombian coal production grew 39%,
reaching 47 million tons in 2003. Production grew to 96%,
achieving an extraction of 19 million tons in the same year.
Therefore, the department of Cesar yielded 40% of the Colombian coal in 200315. Coal mining is one of the largest industries
in the department of Cesar and is one of the most significant
sources of environmental deterioration. The mining exploitation system involves sinkholes up to 400 m deep, making dramatic changes in vegetation and soil. Once the coal has been
extracted, the soil layers are mixed and piled up in mounds
up to 400 m high called dumps. The high demand of mineral
resources generates disturbances in the ecosystems. It also
changes the natural hydrology, reliefs, soil, biological communities, land uses which in turn change human population activities17. It also makes temperature increase and acidity, reduces
the soil humidity, organic matter and nutrient content. All these factors make it difficult to recover the vegetal coverage18, 19.
Open pit mining has a wide range of environmental impacts that are sometimes irreversible in the environment, unlike other productive processes, this takes place in a finite period of time20. The mine operation and closure plans, which in
Colombia are established in laws 685 of 2001, provide guidelines for the mining owner to establish rehabilitation activity
and restore vegetal restoration of the affected areas by the
mining extraction processes. Moreover, the law 99 of 1993
made a change in the execution of mining projects in Colombia, establishing mechanisms and technical instruments for
any activity that may cause severe deterioration to renewable
natural resources or the environment or introduces considerable or notorious modifications to the landscape21.
Vegetation is one of the areas most affected by mining.
Evidence that plants show effects is in their growth due to the
low availability of nutrients present in soils, especially degraded
soils. Plant size becomes limited, or they mature in poor form.
In order to reverse this effect, plants perform beneficial symbiosis with microorganisms found in the soil making mutualistic associations. This association is established between the
plants and specific groups of soil fungi that are found mainly
in the rhizosphere. One of the most common mutualistic relationships is mycorrhizal symbiosis. The word mycorrhiza has
a Greek origin and means a symbiotic association between a

fungus (mycos) and the root (rhizo) of plants. The existence of
several types of mycorrhiza, the endomycorrhiza or arbuscular
mycorrhizal fungi (AMF), is the largest group forming associations with the 73% of the plant species of the world, mainly
tropical22. AMF allows plants to improve their nutritional development and overcome stress phenomena in the colonization of
terrestrial ecosystems. This is due to the roots ability for symbiosis establishment23. Extraradical hyphae can explore larger
volumes of soil and reach sites where the root is not able to
penetrate24, 25, 26, increasing the nutrient uptake, mainly from P27,
28, 29, 30
. This P uptake in the soil by the AMF and the subsequent
translocation and transfer to the host plant allows it to obtain
a level of equivalence or higher than that obtained by non-associated plants with AMF 31,32,33. Regardless of the nutritional
role, the AMF colonization contributes significantly to improve
soil structure, increasing the plant’s resistance to biotic and
abiotic stress and favors the establishment of interactions with
other beneficial microorganisms27, 34, 35, 36, 37, 38. Techniques have
been developed to assess the AMF and learn the state of these
fungi in the soil. One of these is the mycorrhizal symbiotic effectiveness technique that was initially developed by Habte and
collaborators39 of the University of Hawaii. This is based on the
theory which is defined as the ability of soil or an inoculum to
successfully perform mycorrhizal symbiosis, which is reflected
in the infectivity and effectiveness of the infective propagules of
the sample. Subsequently, the technique was adjusted by Habte
and Osorio40. It is clear that in this technique no defined range
measures the effectiveness, it is measured indirectly with the
statistical analysis that is presented in the response variables
such as leaf P, air dry mass and percentage of mycorrhizal colonization. This technique requires reference controls (positive
and negative) used in the experimental design. We expect to determine mycorrhizal symbiotic effectiveness as a tool for decision making in the restoration of the tropical dry forest. We think
that with the knowledge of microorganism from the soil, especially AMF, we could start the restoration process adequately.
Therefore, we should choose the appropriate native inoculum.

Materials and methods
Study area. The department of Cesar is located in the northwest area of Colombia, limited to the north by the Guajira, to
the east by the northern of Santander and Venezuela, to the
south by Santander and the west by Bolivar and Magdalena. It
has an average temperature between 28 and 30 °C and an average annual rainfall of 1940 mm, a bimodal regime with two
wet periods between April and June in which 31% of annual
rainfall occurs and between August and November with 53%
of the annual rainfall 41. It is located in a tropical dry forest life
zone8. Here, we worked with several soils or materials, as described in Table 1, comparing areas of the department of Cesar,
which were called soil-coverage to facilitate the understanding
of the results. Samples were taken from soil-coverage areas
of the Calenturita mine at different points, proportional to the
production stage (sterile material, horizon A, not used). Also,
samples of the most representative soils of the department
were also used from: natural forest, stubble, palm, and grass.
Experiment area. The symbiotic effectiveness experiment
was carried out in the greenhouse of the Las Mercedes farm,
owned by the Universidad Católica de Oriente (6 ° 1’32.3 “N,
75 ° 10’ 4.5” W, the altitude of 1116 m.a.s.l) Cocorna (Antioquia Colombia). It has an average temperature of 24 °C and an
average annual rainfall of 4,200 mm; the site is located in a
predominately humid forest life zone8.

Mycorrhizal symbiotic effectiveness as a tool for decision making in restauration of the tropical dry forest.

797

Table 1. coordinates of the different soils or materials (soil-coverage) from the department of Cesar.

Growth substrate. The growth substrate, was a mixture
between soil and sand in a 6-4 proportion (v / v) respectively,
as suggested by Habte and Osorio40. The soil sample corresponded to an A horizon of Andisol (supplied by a commercial
company). Sand 68%, Loam 24%, Clay 8%, texture Frank-Sandy (Boyucos), pH 5.0, organic matter 3.4% (by ignition); Calcium, Magnesium and Potassium, 0.180, 0.06 and 0.05 cmolckg-1 (ammonium acetate1M, pH 7), Al 0.4 cmolckg-1 (1M
KCl); Phosphorus 105 mg kg-1 (Bray ll), Sulfur 24 mg kg-1
(Calcium Phosphate 0.008M), Iron, Manganese, Copper and
Zinc 210, 5, 8 and 6 mg kg-1 (modified Olsen); Boron 0.1 mg
kg-1 (hot water); Nitrate 49.1 mg kg-1 (Aluminum Sulfate
0.025M); Cationic Exchange Capacity 17.07 cmolckg-1,
electrical conductivity C.E 0.1 dS / m.cmolckg-1, electrical
conductivity C.E 0.1 dS /m.
We adjusted the pH of the growth substrate to 6.0 with 2g of
CaCO3 per kg of soil. We used dolomite lime (57% CaCO3 and 38%
MgCO3) in order to improve the concentration of Mg in the substrate. For lime concentrations determination, we made an incubation curve of CaCO3according to the Uchida & Hue43 methods.
The growth substrate was disinfected by vaporization, and a week

later it was sterilized in an autoclave at 120 °C and 0.1 MPa, for
an hour. In order to establish the substrate solution phosphorus
concentration of 0.02 mg / L, the optimal level for mycorrhizal
activity44. An isotherm of P sorption (Figure 1), was based on the
methods proposed by Fox & Kamprath45.
Sources of inoculum (soil-coverage). The growth substrate was transferred to 54 pots (11.5x15 cm) with a mass of
800 g / pot. 350 g was directly added to each pot, and the remaining 450 g of the substrate was inoculated and mixed uniformly with 20 g of each of the sources of inoculum (soil-cover), previously mentioned. This with the purpose of facilitating
contact of the root with each inoculum. Likewise, we used a
crude inoculum of Glomus mosseae (GM) as a positive control.
This mycorrhizal inoculum was purchased from the International Culture Collection of (Vesicular) Arbuscular Mycorrhizal
Fungi (INVAM) and later multiplied in sorghum by a commercial
company. It contained spores, fragments of infected roots and
hyphae of the fungus suspended in a solid matrix composed of
soil and sand. As a negative control, we used the same growth
substrate, that is, without inoculation (WI), which received 20 g
of sterile substrate. The negative control was the same growth
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Figure 1: isotherm of P sorption of the growth substrate
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substrate without inoculation (WI), which received 20 g of sterile substrate. For each of the soils or materials (soil-coverage),
we performed soil analysis, in order to record its properties,
and facilitate the final analysis (Table 2).
Indicator plant. Leucaena leucocephala var. K11 was used
as a trap species or indicator plant because it is highly dependent
on the mycorrhizal condition and has rapid growth40. Certified L. leucocephala seeds were introduced to decrease the
experimental variability. Seeds were scarified with H2SO4 for
20 min, washed 6 times with deionized water44 and placed in
a humid chamber with filter paper for germination. Once pregerminated, one seed was placed per pot or experimental unit
in the different treatments (soil-cover). The second week after
planting, each experimental unit received 10 cm3 of the P-free
Hogland nutrient solution in the following doses (mg L-1):
N 50, K 132, Mg 106, S 204, Zn 10, Cu 5, B 0.8 and Mo 0.5.
Plants were stored under natural light for growth and were
periodically watered to maintain them between 50 and 60% of
the maximum water retention capacity.
Experimental design. A completely randomized experimental design with nine treatments and six repetitions per
treatment, for a total of 54 experimental units was analyzed.

Response variables
AMF spore extraction was used a sub-sample of each
soil-coverage. Each subsample was transferred to a beaker
with 300ml of running water and 0.15g of sodium pyrophosphate. It was stirred and left to rest for 5 minutes; the supernatant was passed through a battery of sieves (250, 106 and

53 μm), and centrifuged with a sugar solution at 70% for 5 min.
Later the sedimented product of the centrifugation was collected on filter paper40. We are concluding with the spores count
in the stereoscope. Leaf P content was measured through
frequent monitoring (every 21 days) as a function of time in
the youngest mature leaf following using the non-destructive
sampling method Habte et al. 46. P determination was carried
out using the molybdate blue method47, after reducing the leaf
samples to ash in a muffle at 500 °C for 3 hours48. Shoot dry
weight (SDW); plants were harvested at 95 days after the experiment planting. SDW determination was made after drying
the plant material at 60 °C for 72 hours40. Mycorrhizal colonization, this was determined by the method of plates49 from the
number of positive fields (presence of arbuscular, vesicles and
hyphae) inside the root, for this, the finest roots were rinsed
with KOH at 10%50 and then stained with a 0.15% acid fuchsin
in lactic acid51. The total P content absorbed (TPC) was estimated through the concentration of P in the fourth pineal at
the time of harvest46, as described above.
Analysis of results. We made and verified the statistical
analyzes and the assumptions, to verify that the standardized
residuals are normally distributed with zero mean and variance one, the standardized residuals were plotted with the independent variable. Data were subjected to Duncan’s multiple
range test and Fisher’s LSD test, which a level of significance
of P £ 0.05. We used the statistical packages R wizard and
Statgraphics. Obtained data from the aerial dry mass, was necessary to perform a natural logarithmic transformation (Ln)
to meet the conditions of normality and homogeneity of variance (ANOVA).

Table 2. Soil or material analysis (soils-coverage) of the department of Cesar
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Results
The soil-coverage with the most significant amount of
spores were GM, TS, PM, and US with values of 11500, 3360,
2070, and 1060 respectively. The number of spores in the
sample of soil from the palm crop (PM) is striking, which did
not show up in the other results. As will be seen later (Table 3).
The positive control (GM) was statistically superior in leaf
P content in time in comparison with the other treatments (soils-coverage), only on day 74 the TS and US treatments had no
statistical differences with GM. Conversely, the negative control
showed, in general, the lowest concentration of leaf P content,
followed by PT and MW. It is noteworthy that the three soils with
the least anthropic intervention (US, NF, and TS) showed a similar tendency in terms of leaf P content in the first two samples
(days 31 and 54) with very similar values to the negative control
(WI). Apparently, from day 60, all these treatments had significant increases of P until the end of the experiment, presenting
significant differences compared to WI (Figure 2).

Table 3. AMF spore extraction in different soil-coverage. Without data
(WD)

The total P content absorbed (TPC) at the end of the
harvest, the GM positive control had significant differences
compared to the other assessed soil-coverage treatments.

Figure 2. Leaf P content evaluated over time according to the inoculation with different sources of inoculum (soil-coverage). Asterisk indicates significant
differences.
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In addition, we found that treatments or soil-coverage NF, TS
and US had a similar behavior to the GM positive control in the
contents of total P. As for the WI treatment (negative control),
it obtained the lowest contents of total P content absorbed,
followed by the soil-coverage MW, PM, and PT with similar results (Figure 3).
The treatment with the shoot dry weight (SDW) was US,
which even exceeded the positive control (GM), although not
with significant differences. Overall, the remaining soil-coverage presented two tendencies, one similar to the positive control (GM), grouped in TS, NF, AH, and PM, where the
soil-coverage is again found from soils not much intervened
and another similar to the negative control (WI) next to the MW
and PT treatments (Figure 4).
Mycorrhizal colonization was present in all the evaluated treatments, with the exception of the negative control WI,
as expected. In addition, three soils-coverage PT, PM and WI
showed similarity to the GM positive control; these coverage-soils obtained colonization percentages of 24, 29 and 48
respectively (Table 4).
Table 4. Percentage of mycorrhizal colonization present in the Leucaena root in the different inoculum sources (soil-coverage).

Figure 3. Total P (PTA) in the Leucaena pineal at the end of the
harvest in the different sources of inoculating (soils-coverage). Columns with different lowercase letters indicate significant differences (Duncan, P £ 0.05).

Figure 4. Shoot dry weight (SDW) of Leucaena at the end of
the harvest in the different sources of inoculate (soils-coverage). Columns with different letters indicate significant differences (Duncan, P £ 0.05).

Discussion
Results indicate that the AMF of the different soil-coverage has very variable dynamics52 since in general two clearly
defined trends were presented, two sets of data were grouped,
the first (US, NF, and TS) associated to the positive control
and the other remaining group associated with the negative

control. These results are possibly due to the lack of infective
mycorrhizal propagation absent in the ground coverage of the
second group. This behavior has been reported by Osorio et
al.53. Although with opposite tendencies, which found that forests, stubbles and forest plantations of high areas (low montane forests) had a similar behavior to the negative control. On
the contrary crops and pastures evaluated by these research-
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ers, had similar tendencies to the positive control (Glomus aggregatum).
From the ecological perspective Stürmer & Siqueira52 found that the conversion of primary forest to different
land uses (secondary forest, pastures, agroforestry systems
and crops) apparently does not reduce the diversity of AMF
in the Brazilian Amazon, this could explain in part , because
soil-coverage US, NF and TS, showed similarity with the
positive control in terms of SDW and leaf P. On the other
hand, Lovera & Cuenca54 found a contrary effect, when they
compared a natural savanna versus a disturbed savanna in
Venezuela, where a significant decrease in soil spore diversity
was observed in the disturbed savanna.
Previously mentioned, it is noteworthy that the undisturbed soil-coverage (US) from the area of the Calenturita
mine, presented values very similar to the positive control.
This soil was not disturbed at the time of the samples. Therefore, it is assumed that the diversity of AMF and the number of
spores in the sample were not affected.
Glomus mosseae inoculation increased significantly in
the Leucaena plants, the leaf P contents, and the SDW plant
growth, with respect to the plants that were inoculated with
the soil-coverage. Similar behavior was showed by Jaramillo
et al55. They used Glomus aggregatum as a positive control in
the evaluation of several soils from oil palm, secondary forest,
and soil degraded by alluvial mining. It is noteworthy that in
the study by Jaramillo et al55, the soils from the palm and the
alluvial mining showed low mycorrhizal symbiotic effectiveness, with values very

similar to those presented here (Figure
3 and 4).
The low symbiotic effectiveness of the soil-coverage of
African palm (PM) and pasture (PT) is possibly due to the management of these soils, which includes the use of pesticides
and tillage. Both of which negatively affect the diversity of
AMF and its number of effective propagules. There are several
documents reported by literature confirming these effects54,
56, 57, 58
. Likewise and as expected, the mixture of soils and materials from the coal mining operation negatively affected the
soil-coverage sterile material (MW) and A horizon (AH) resulting in low symbiotic effectiveness. The negative consequences of mining on microorganisms have been well documented
by different authors59. Finally, with the obtained results here,
some soil coverage (US, NF, and TS) can be selected that have
high symbiotic effectiveness, and that can be used (after multiplying the crude inoculum) in restoration and reforestation
processes. Studies carried out by Souza et al60 suggest that
the same degraded areas, such as those subjected to mining
activities, may contain efficient AMF populations, contributing
positively to rehabilitation.

Conclusions
Assessing treatments, we found that in general there are
significant differences between two groups of data, first was
evidenced that the soil-coverage US, NF, and TS had similar
results to the positive control (GN), but MW, PM, PT and AH
had behaviors similar to the negative control.
According to the data found, the soil-coverage with the
best mycorrhizal symbiotic effectiveness were Undisturbed
Soil, (US), Natural Forest (NF) and transition soil (TS). They
have a high potential to be used in fundamental processes of
ecological restoration.
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