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Abstract: The objective was to evaluate the physicochemical composition of soils and their rela-
tionship with successional vegetation. The study was conducted in the area of influence of fluvial 
volcanic muds in the central region of Colombia. The physical variables of texture, porosity, hu-
midity, color, apparent density, real density; and chemical variables of pH, organic matter, cation 
exchange capacity, major elements, minor elements, Al saturation, base saturation, Ca/Mg relation, 
(Ca+Mg)/K relation, and Mg/K relation were analyzed. A multivariate analysis between variables 
and descriptive of the soil–vegetation relationship was carried out. Physically, there was a negative 
correlation between apparent density with %porosity and real density with humidity content. The 
texture was classified as sandy loam and the structure as granular-crumbly type. Chemically, there 
was a negative correlation between pH, Mg/K relation, (Ca+Mg)/K relation, and Al saturation; a 
positive correlation between P, Mn, Ca, Zn, Fe, Mg, and base saturation. Furthermore, Na and K 
did not show any interaction relationship. The predominant plant species are distributed in the 
families Fabaceae, Asteraceae, Malvaceae, Euphorbiaceae, Cyperaceae, and Poaceae. The physical 
and chemical characteristics of the soil present conditions that allow the establishment and con-
tinuation of successional vegetation with a dominance of tree and shrub growth habit. 
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1. Introduction 
The geodynamic-volcanological processes are natural mechanisms that renew the 

structure of soils, making a significant contribution of nutrients and thus allowing vari-
ous groups of plant species to develop and adapt to specific soil conditions. However, 
several studies show us how the composition and physicochemical characteristics of soils 
design a vegetal pattern that will predominate over other species, observing how the 
sustainability of a crop or a forest of forest species, is inherent to the state of the fertility 
of the soil that provides the nutritional requirements of the plant [1,2]. 

The knowledge of the successional and edaphic processes in areas affected by vol-
canic eruptions has not been very developed in our territory—a fact that drives to 
strengthen the research of these processes of the ecological dynamics. For this reason, 
when commemorating 35 years of the Nevado del Ruiz Volcano eruption that affected 
the 3500 hectares that conformed the municipality of Armero (Tolima, Colombia), it is 
important to characterize the relations that exist between the composition of the muds of 
fluvial-volcanic origin and the structure of the vegetation, having as the base of compar-
ison the three previous studies executed from 1989 to 1999 [3]. 
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For this reason, the current evaluation of the soil developed from the deposition of 
fluvial-volcanic muds and its relationship with the different vegetable organizations, a 
product of a succession process, will allow defining and characterizing how the physi-
cochemical characteristics of soil have modeled the development of vegetation. Thus, we 
are able to understand in an objective way how the factors of anthropic intervention 
modify the dynamic of soil–vegetation even more so in a time where productive interests 
go over ecological ones, for these are the determinants of environmental sustainability 
and the processes of life on earth. 

2. Materials and Methods 
2.1. Study Area 

The study area is located in the area of influence of fluvial-volcanic mud on the left 
bank of the Lagunillas River in the municipality of Armero (Tolima, Colombia). The zone 
has an average temperature of 27.8 °C, average annual precipitation between 1100 and 
1960 mm, relative humidity fluctuates between 55% and 83%, and evaporation values 
reach 1712.8 per year. The region corresponds to the formation of tropical dry forest [4]. 

2.2. Sampling and Laboratory Phase 
The plots that were constituted correspond to the same sites that were established in 

the three previous studies for the characterization of the successional vegetation and the 
edaphological analysis of the mud. Ten plots of 10 × 20 m were raised, in each one, 3 wells 
were opened to form a composite sample. The soil samples were subjected to physical 
and chemical analysis to determine the following parameters: 

Physical: Texture, porosity (%P), humidity (%H), color, apparent density (Da), real 
density (Dr). 

Chemical: pH, organic matter, cation exchange capacity, major elements (P, Ca, Mg, 
K,), minor elements (Na, Fe, Cu, Zn, Mn, B, S, Al), aluminum saturation, base saturation, 
Ca/Mg ratio, (Ca+Mg)/K ratio and Mg/K ratio. 

The plant samples were identified in the TOLI Herbarium of the University of To-
lima and the COL Herbarium of the Institute of Natural Sciences of the National Univer-
sity of Colombia. 

2.3. Data Analysis 
The characteristics of the soils of each one of the plots were analyzed using an 

analysis of the main components of the Infostat program to establish relations between 
the physical and chemical variables. The relationship between soil composition and veg-
etation was made through descriptive analysis. 

3. Results and Discussion 
3.1. Relationship between Physical Variables 

The first two factors of the principal component analysis (PCA) explained the 78% 
variability (Figure 1). Plots 3 and 5 contributed a percentage of variation of 50% to factor 
1, while plots 8, 7, 4, and 2 contributed a percentage of variation of 28% to factor 2. 

The variables Dr, %P, Da, and %H were robust and provided information for the 
analysis; however, no significant groupings between the variables were presented. It was 
found that the variable Da is influenced by plots 8, 7, 4, and 2, grouping the greatest 
similarity and negatively correlating with the variable %P. Variable %H is influenced by 
plots 9 and 10, which is negatively correlated with the variable Dr. 
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Figure 1. Relationships between physical variables. 

3.2. Relationship between the Chemical Variables 
The first four factors of the principal component analysis (PCA) explained the 76% 

variability. However, among the first two is the 50% variability (Figure 2). Plots 8, 5, and 
2 contributed a percentage of variation of 28% to factor 1, while plots 7, 4, 6, and 3 con-
tributed a percentage of variation of 22% to factor 2. 

The variables pH, phosphorus, manganese, zinc, calcium, base saturation, magne-
sium, iron, copper, Mg/K ratio, (Ca+Mg)/K ratio, aluminum, and aluminum saturation 
were robust and provided information for the analysis. The variable pH was negatively 
correlated with the relation of the variables (Ca+Mg)/K, relation Mg/K, aluminum satu-
ration, and aluminum concentration. Sodium and potassium did not present any inter-
action relation and a positive correlation among the variables phosphorus, manganese, 
calcium, zinc, base saturation, iron, and magnesium was evidenced.  

 
Figure 2. Relationships between chemical variables. 

3.3. Soil–Vegetation Relationship 
In the four studies of vegetal succession carried out in the area of Armero affected by 

fluvial-volcanic mud, 565 species distributed in 72 families were registered from which 
the families Asteraceae, Malvaceae, Fabaceae, Euphorbiaceae, Cyperaceae, and Poaceae 
stood out.  
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Regarding the number of species, a significant variation was found. For the first 
study, a total of 294 species distributed in 66 families were reported; in the second, 68 
families with 332 species; in the third study, 265 species distributed in 45 families were 
reported; and for the fourth study, a total of 51 families with 195 species were identified. 
The change in the different concentrations of the physical and chemical parameters has 
been proportional to the variation in the vegetation. However, the number of tree species 
has not increased in the studied area. In the same way, the other types of growth do not 
vary in the four studies, maintaining their percentage constant [5–7]. 

4. Conclusions 
The physicochemical characteristics of the soil show a considerable change during 

the 35 years after the volcanic eruption, and currently, the variables show levels suitable 
for the development of vegetation. 

The physical variables of the soil have established conditions for the development of 
vegetation through optimal levels of moisture, porosity, and a structure that facilitates 
the movement and uptake of nutrients from the roots.  

As for the chemical variables, an acidic pH is maintained that does not drastically 
affect the vegetation but it decreases the concentration of organic matter and elements 
such as phosphorus and potassium. However, other elements such as iron present ade-
quate levels for the maintenance of the plant’s physiological demand. 

The edaphic conditions are directly related to the establishment of the successional 
vegetation in an alternate ecological process to the natural and human disturbances in an 
evident way with dominant species in the first years of the process, and which, at the 
moment, are scarce (Rhynchelitrum roseum, Sarcostemma clausum, Mariscus ligularis, and 
Indigofera hirsuta). 
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