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ABSTRACT RESUMEN

The municipalities or counties of Campoalegre and Garzón 
(State of Huila) and Capitanejo and Enciso (State of Santander) 
show different chemical soil characteristics when their origin 
is taken into account, based on their edaphogenetic environ-
ments. For the characterization of the soils from these counties, 
samples from 65 farms were arranged, based on the database of 
farmers associated with the Protabaco Company. With the soil 
samples taken, chemical and texture analyses were performed, 
codifying the results in order to analyze them, keeping in mind 
the ideal parameters for the tobacco crop. In the counties of 
Huila, the texture, pH and organic matter were found to have 
ideal levels, in contrast to the phosphorus, potassium, mag-
nesium, sulfur and chloride levels which were unsuitable, but 
the calcium content showed levels between suitable and good. 
In Santander, the pH, organic matter, phosphorus, calcium, 
sulfur and chloride were at unsuitable levels, in contrast, the 
contrary occurred with the texture and potassium which were 
at normal levels. It is recommended, due to the difference 
among the chemical parameters, that a fertilization program 
be handled differently for the zones of Santander and Huila, 
bearing in mind that the chemical parameters were found to 
be more limited in Santander than in Huila.

Los municipios de Campoalegre y Garzón (Huila), Capitanejo y 
Enciso (Santander), presentan características químicas del suelo 
diferentes, teniendo en cuenta los ambientes edafogenéticos de 
origen. Para la caracterización de los suelos de estos municipios, 
se dispuso de una muestra de 65 fincas, teniendo en cuenta la 
base de datos de agricultores de la empresa Protabaco. Con las 
muestras de suelo tomadas, se realizaron análisis químicos 
y de textura, teniendo en cuenta los parámetros ideales para 
el cultivo de tabaco. Para los municipios de Huila, la textura, 
pH y materia orgánica se encuentran en niveles ideales; el fós-
foro, potasio, magnesio, azufre y cloruro, no adecuados y los 
contenidos de calcio entre adecuados y buenos. En Santander, 
el pH, materia orgánica, fósforo, calcio, azufre y cloruro no 
se encuentran en niveles adecuados, lo contrario ocurre con 
la textura y el nivel de potasio se encuentra como regular. Se 
recomienda por las diferencias entre los parámetros químicos 
del suelo, que la fertilización de las zonas de Santander y Huila, 
se les de un manejo diferente, teniendo en cuenta que estos se 
encuentran más limitados en Santander que en Huila.
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hectares (DNP, 2009). In 2008, the average yields of tobacco 
production in Colombia fluctuated between 1.18 t ha-1 and 
2.6 t ha-1, whereas Santander and Huila showed an aver-
age yield of 1.63 t ha-1 and 2.35 t ha-1 respectively (CCI et 
al., 2008; DNP, 2009), being low in Santander and high in 
Huila, with respect to the global average yield of 1.6 t ha-1 
in 2005 (Agrocadenas, 2006).

At the present, agricultural production is dynamic and 
competitive, because of this, tobacco producers have to be 
more efficient with production, meaning they have to attain 
greater production and quality with the lowest possible 
cost. This efficiency depends on many factors, such as the 
adequate selection of the variety which is going to be sown, 

Introduction

In Colombia, as in many counties in the world, the tobacco 
crop is important because it generates employment and in-
come for the producers, is labor intensive, captures market 
interest and financing from the purchasing companies, and 
is also an important source for income taxes and foreign 
exchange generated by the raw and finished products for 
export (CCI, 2001; Agrocadenas, 2005, 2006).

The states which had a larger cultivated field area of Flue-
cured tobacco during 2008 were: Santander 56%, Huila 
24%, North Santander 7%, Boyacá 8% and Cesar, Tolima 
and Valle del Cauca 5% each, for a total of 7,931 sown field 
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capacity due to degradation and contamination caused by 
agricultural and farming exploitations, road construction, 
urban and industrial public works, among others (Mantilla 
et al., 2001).

The soils from Santander originated from igneous, intrusive 
rocks of the Paleozoic era, based on chemical composition; 
basic, acid and intermediate types are found (Carrizosa 
and Vega, 1969). On the other hand, in Huila, the soils are 
from metamorphic, igneous, intrusive rocks and volcano 
sedimentary made between the Precambric and Triasic-
jurassic eras (Ruiz et al., 1969; IDEAM, 1999). These differ-
ences are reflected by the chemical, physical and biological 
properties, causing the need for specific handling for the 
nutrition of the plants. 

Santander is considered a state with a high anthropic 
influence, showing hillside intensive agriculture which is 
known to be unstable. The soils on the prairies of Huila 
are affected by compression and compactness and con-
tamination of the soils with agricultural toxicants, as a 
result of the intensive agriculture and human settlements 
(Mantilla et al., 2001).

Due to the importance of knowing the chemical charac-
teristics of the soils assigned to agricultural production, 
the objective of this present study was to interpret the 
analysis of the soils from the studied zones and compare 
them with the ideal parameters for the production of Flue-
cure tobacco. 

Materials and methods

This present study was carried out in two tobacco produc-
ing counties or municipalities in the state of Santander in 
the García Rovira province: Enciso and Capitanejo, located 
at 1,100 m a.s.l., with an average annual temperature of 
25ºC, and an average precipitation between 900-1.100 
mm year-1; the other two counties were Campoalegre and 
Garzón in Huila, located at an altitude between 500 and 
1,000 m a.s.l., with an annual temperature of 27°C, and an 
average precipitation between 800-1,300 mm year-1.

The basic information for interpreting this study was taken 
from the soil analysis carried out on 65 producing and sup-
plying tobacco farms connected with Productora Tabacal-
era de Colombia (Protabaco). The number of samples was 
calculated through the methodology of Hernández et al. 
(2003), in which the standard error is taken into account 
with the purpose of obtaining the variance analysis and the 

irrigation management, phytosanitary conditions, among 
others, without excluding adequate nutritional support 
management and supply as a fundamental variable (Rojo, 
2006; Ballari, 2005).

Crop practices and nutritional requirements for the differ-
ent types of tobacco vary according to the characteristics 
demand in the final product (the cured tobacco leaf), so, the 
handling of the fertilization has been evolving continuously 
in order to reach maximum yields, high quality and profit-
ability. The tobacco crop is one where the effects of adequate 
fertilization are clearly demonstrated by the quality and 
quantity. Appropriate and correctly balanced fertilization 
allows for the obtainment of the required characteristics 
for commercialization (Ballari, 2005).

And so, in order to obtain optimum development of the 
plants, it is necessary to take into account the chemical, 
physical, mineralogical and biological conditions of the 
soil, and also the parental material and the environmen-
tal conditions, as well as the soil fertility (Thompson and 
Troeh, 2002). These characteristics determine the water and 
nutrient supply; maintaining and supporting the plant and 
the interactions with the solid, liquid and gaseous stages 
(Prasad and Power, 1997; Thompson and Troeh, 2002). 
Additional components which have been observed to be 
in constant change when they are subjected to climatic, 
atmospheric and anthropic variations, allowing a fertility 
characteristics for each zone (Thompson and Troeh, 2002; 
Urquiza, 2002; Moreno and Coronado, 2006).

The chemical characteristics of the soil were evaluated at 
the laboratory, with a preliminary assessment of the soil 
fertility which is fundamental in agricultural production 
(Prasad and Power, 1997; Thompson and Troeh, 2002). 
Additionally, the pH was determined for the solid and 
colloidal stages of the soil, as well as the ionic interchange 
and consequently, the availability of the elements for the 
plants (Prasad and Power, 1997; Thompson and Troeh, 
2002; Ballari, 2005). 

For Flue-cured tobacco crops, Ballari (2005) reported in-
terpretation rankings of the chemical and physical analyses 
of soils which are ideal for production, based on 10 years 
of research with this crop in Argentina.

Colombian soils are very young for the most part and 
receive an appreciable and sharp tropical influence, such 
as: high temperatures, intense solar brightness, and abun-
dant rainfall. Additionally, these soils area characterized 
by being too fragile and susceptible to losing productive 
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arithmetic mean sample fluctuation y with respect to the 
mean population Y  given by the following equation (Eq. 1):
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Where, 

N = size of the population (number of producers hired for 
each municipality).

V2 = variance of population, (SE)2 square of the standard 
error.

SE = standard error = 0.04, defined by the authors.

s2 = variance of the sample expressed as the occurrence of 
y, determined in terms of the probability (s2 = p (1-p)), 
where p represents the probability (95%).

n = size of the sample.

Keeping this equation in mind, a total of 65 samples were 
obtained, evaluated and distributed in the following way: 
11 in Capitanejo, 20 in Enciso, 17 in Campoalegre and 17 
for Garzón.

For the samples taken for the analysis of soils, the area as-
signed for the sowing of tobacco (commercials plots) was 
traveled, identifying the variations and characteristics of 
the ground (topography, erosion, drainage and physical 
appearance of the soil) with the purpose of establishing 
the site of the subsamples (from 5 to 10 subsamples/ha), 
at a depth between 20 and 30 cm, treated as a compound 
sample (ICA, 1992; Coraspe and Tejera, 1996). These 
samples were taken to the water and soil laboratory, at the 
National University of Colombia, for chemical analysis by 
the Agronomy Faculty.

The chemical properties analyzed and evaluated from the 
soil were: pH, related to soil-water 1:1 (v/v); cation exchange 
capacity (CEC), with ammonium acetate; electric conduc-
tivity (EC), through saturated soil paste with a 1:2 soil-
water proportion (p/v); organic matter (OM), through the 
methods of organic carbon by Walkley Black; phosphorus 
(P), by Bray II; exchangeable bases such as potassium (K), 
calcium (Ca) and magnesium (Mg), extracted through am-
monium acetate; sulfur (S), extracted through monocalcic 
phosphate and chloride (Cl-), through titration with silver 
nitrate from the saturated soil paste.

The texture was the only physical property which was 
evaluated, through the methodology of Bouyoucos. This 
property was determined from the proportion showed 
among sand, silt and clay, according to the USDA, 12 kinds 
of texture are differentiated; nevertheless for the purpose of 
this study the textures were simplified in three classes: (1) 
light texture “coarse texture” which encompassed: sandy 
(S), loamy sand (LS), sandy loam (SL), sandy clay loam 
(SCL), textures which make then ideal for the tobacco 
crop (Ballari, 2005; Rodríguez, 2004); (2) heavy texture 
“fine texture” including: clay loam (CL), sandy clay (SC), 
silty clay (SIC) and clay (C) textures, which are the least 
suitable for tobacco crop; and (3) loamy texture “middle 
texture” which included: loam (L), silt loam (SL), silt (S) 
and clay loam (CL). The results from the analysis of soils 
were analyzed with the interpretation tables for the chemi-
cal and physical parameters of soil for Flue-Cured tobacco 
growth according to the values presented by Ballari (2005). 
Nevertheless, tables for the interpretation of the CEC and 
EC not present, so these variables are taken into account 
for the multivariate analysis only. 

In the results from the soil analysis, the percentage of 
the organic carbon (OC) was reported; nevertheless the 
requirements for organic matter (OM) for the Flue-Cured 
Tobacco crop are known; and so, is necessary the conver-
sion of the percentage in OM from the data of OC multi-
plied by 1.72 (ICA, 1992) (Tab. 1).

TABlE 1. Interpretation of organic matter in the soil for the Flue-cured 
tobacco crop (Ballari, 2005).

Interpretation Value (%)

Unsuitable < 1  or  >3

Regular 1 - 1.5

Suitable 1.5 - 2.5

High 2.5 – 3

The pH influences physical-chemical and biological pro-
cesses in relation with nutrition, because of this, it is the 
first parameter to keep in mind for interpreting and recom-
mending fertilization of the soil (Bohn et al., 2001) (Tab. 2).

TABlE 2. Interpretation of the soil pH for the Flue-cured tobacco crop 
(Ballari, 2005).

Interpretation Value

Unsuitable, with important limitations < 5  or  >7.5

Regular, with moderate limitations 5.0-5.5  or  7.0-7.5

From very good to good, with possible limitations 5.5-6  or 6.5-7

Suitable, without limitations 6.0 – 6.5
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In the interpretation of K, Ca and Mg, the texture of the soil 
was considered (Ballari, 2005) (Tab. 3). The interpretation 
of P, S and Cl- are described in Tab. 4, wherein the high 
value for phosphorus is considered very good.

In order to be able to identify the plots of tobacco which 
showed optimum conditions for growing the crop, the 
data were organized with tables and dynamic graphics, in 
which each plot was identified; as many parameters our of 
the nine reported by Ballari (2005) are ideal or adequate 
for the tobacco plant Flue-cured. In this way, the chemical 
limitations of the soil were analyzed, which can occur in 
each zone in this study.

TABlE 4. Interpretation of phosphorus, sulfur and chloride (mg kg-1) in 
the soil for the Flue-cured tobacco crop (Ballari, 2005).

Interpretation Phosphorus Sulfur Chloride

Unsuitable <10  or  >41 <8  or  >21 <5  or  >16

Regular 10-20 8-11 5-8

Suitable 20-30 11-17 8-12

High 30-40* 17-20 12-16

* very good value of phosphorus for tobacco.

Additionally, the data were organized in a processing ma-
trix assigned for observations (sampling plots) and the re-
sultant variables of the analysis of soils (physical-chemical 
parameters). All the variables were codified using the inter-
pretation tables. The analyses were run through descriptive 
statistics (Excel®) and multiple correspondences analysis, 
with the statistics program Spad 3.5 (Cisia- Ceresta, 1998), 
with the purpose of determining the relation or similar-
ity among the plots evaluated and the Flue-cured tobacco 
production.

Results

Individual parameters analysis

pH
In the state of Huila, 38.2% of the sampling soils were 
within the ideal pH for tobacco crops (values between 6.0 
and 6.5), 50% of these soils were within the good to very 
good classification and 11.8% had a regular pH (from 5 to 
5.5). In Santander, 61.3% of the soils were characterized 
as having unsuitable pH values (<4.5 and/or >8.0), 25.8% 
presented a regular pH, 9.7% presented a very good pH, 
and only 3.2% had an ideal pH (Tab. 5). In general, soils in 
Huila have an acidic pH with an expected low availability 
of phosphorus, nitrogen, potassium, calcium, magnesium, 
sulfur and molybdenum (Sposito, 2008). Instead, the soils 
of Santander (alkaline pH) are expected to have a low 
availability of iron, copper and zinc (Fassbender, 1982).

For the counties in the present study, the following were 
noticed: in Campoalegre, 52.9% of the soils had an ideal 
pH and 47.1% were between the classification of very good 
to good; in Garzón, 29.4% had an ideal pH, 47.1% were in 
the category of very good to good and 23.5% had regular 
pH values; in Capitanejo, 81.8% of the soils had an unsuit-
able pH, 9.1% presented a regular pH and 9.1% were in the 
ideal category; in the county of Enciso, 50% of the soils had 
inadequate pH values, 35% were regular and 15% of the 
sampled soils were located within the very good to good 
category (Tab. 5).

Ruíz et al. (1969 and 1994) reported that in Huila, the 
soils have and present different classifications with 

TABlE 3. Interpretation of the levels of potassium, calcium and magnesium (cmol kg-1) related to the texture of the soil for the Flue-cured tobacco 
crop (Ballari, 2005).

Texture Unsuitable Regular Good* Suitable

Potassium

Light “coarse” < 0.25 or >0.8 0.25 – 0.35 0.35 – 0.55 0.55 - 0.8

Regularly “loam” < 0.35 or >1.1 0.35 – 0.55 0.55 – 0.8 0.8 – 1.1

Heavy “fine” < 0.5 or >1.4 0.55 – 0.8 0.8 – 1.1 1.1 – 1.4

Calcium

Light “coarse” < 3 or >7.5 3 – 4.5 4.5 – 6 6 – 7.5

Regularly “loam” < 4.5 or >9.5 4.5 – 6 6 – 7.5 7.5 – 9.5

Heavy “fine” < 6 or >12 6 – 7.5 7.5 – 9.5 9.5 – 12

Magnesium

Light “coarse” < 0.7 or >1.9 0.7 – 1 1 – 1.4 1.4 – 1.9

Regularly “loam” < 1 or >2.6 1 – 1.4 1.4 – 1.9 1.9 – 2.6

Heavy “fine” < 1.4 or >3.5 1.4 – 1.9 1.9 – 2.6 2.6 – 3.5

* with important limitations.
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predominantly acid ph soils; the same situation was found 
in the present study; nevertheless, a modal profile in the 
counties of Campoalegre and Garzón showed a classifica-
tion between 4.3 and 7.5 (Ruíz et al., 1969 and 1994) and the 
pH for the soils evaluated for the tobacco crop in this study 
were found between 5.08 and 7.0, considering that this crop 
does not develop in all climatic zones in the state of Huila.

On the other hand, the pH modal profile for the counties of 
Capitanejo and Enciso showed values from 4.9 to 8.0 (Ca-
rrizosa and Vega, 1969) and the soils in this present study 
were classified between 5.3 to 8.4, with a predominance of 
alkaline soils; furthermore, these difference are derived 
from the soil solution due to the environmental conditions; 
finding acid soils at altitudes higher than 1,200 m a.s.l. 

Organic matter (OM)

In Huila, 55.9% of the soils had unsuitable contents of 
organic matter, 17.6% had OM within a medium low cate-
gory, 14.7% with an unsuitable percentage and 11.8% of the 
samples within the medium high category. In Santander, 
71% of the soils had an unsuitable percentage of OM, 22.6% 
had a medium high category and 6.5% presented an ideal 

percentage. This indicates that, proportionally, the soil 
from Huila shows a greater percentage of ideal OM (Tab. 5).

The results from the evaluation in the counties are as fol-
lows: in Campoalegre, 41.2% of the soils were classified 
within the suitable category, 29.4% within the medium low 
category, 17.6% within the medium high category and the 
remaining soils (11.8%) showed an unsuitable percentage; 
in Garzón, 70.6% of the soils showed a suitable content of 
OM, greater with respect to Campoalegre county, 17.6% 
unsuitable, 5.9% medium low and 5.9% showed a medium 
high percentage; in Capitanejo, 100% of the sampled soils 
showed an unsuitable percentage of OM, whereas in Enciso, 
55% of the soils were characterized by having an unsuitable 
percentage of OM, soils with medium high contents (35%) 
and suitable (10%) (Tab. 5).

The mineralization processes from the counties in Santan-
der were bigger, with respect to and contrasting with the 
ones presented in Huila, due to the fact that OM contents 
can be affected by the temperature (from 32 to 43°C), the 
humidity content of the soil, which varies when compared 
between the Santander and Huila estates, principally due 

TABlE 5. Characteristics of the soils from four municipalities, Capitanejo and Enciso, Santander; Campoalegre and Garzón, Huila, according to the 
soil analysis of the corresponding samples from the tobacco growing farms.

Parameter Capitanejo Enciso Campoalegre Garzón

pH

54.5% of the soils presented a 
slightly alkaline pH, 27.3% moder-
ately alkaline, 9.1% slightly acid and 
9.1% neutral.

35% of the soils presented a lightly 
alkaline pH, 30% neutral, 20% mod-
erately alkaline, 10% strongly acid 
and 5% moderately acid.

52.9% of the soils presented moder-
ately acid pH and 47.1% slightly acid.

41.2% were moderately acid soils, 
29.4% slightly acid, 17.6% strongly 
acid and 11.8% neutral.

OM
72.7% of the soils presented me-
dium percentages, 18.2% high and 
9.1% ideal.

75% presented medium percent-
ages, 20% high and 5% ideals.

41.2% of the soils presented suitable 
OM contents, 17.6% medium high, 
29.4% medium low and 11.8% 
unsuitable.

70.6% of the soils presented suitable 
contents, 5.9% medium high, the 
same percentage with medium low 
and 17.6% unsuitable.

P Presented unsuitable contents of P in 100% of the soils sampled.
58.8% were soils with very good 
contents, 23.5% unsuitable and 
17.6% good.

58.8% were soils with unsuitable 
contents, 17.6% very good, 17.6% 
good and 5.9% regular.

K
36.4% of the soils presented regular 
content of K, 36.4% good, 18.2% 
unsuitable and 9.1% very good.

45% of K was good, 25% unsuitable, 
25% regular and 5% very good.

88.2% unsuitable and 11.8% regular.
41.2% good, 35.3% regular, 11.8% 
very good and 11.8% unsuitable.

Ca
100% of the soils presented an 
excess of calcium content which was 
unsuitable.

95% of the soils presented an excess 
of Ca (unsuitable) and 5% medium 
content.

29.9% unsuitable, the same percent-
age very good, 23.5% good and 
17.6% regular.

35.3% unsuitable, 29.4% good, 
17.6% very good and the same 
percentage was regular.

Mg
54.5% of the soils presented good 
content and 45.5% unsuitable.

30% unsuitable, 30% very good, 
20% regular and 20% good.

41.2% unsuitable, 23.5% regular, 
17.6% very good and the same 
percentage was good.

100% of the soils presented unsuit-
able magnesium contents.

S
63.3% of the soils with very high 
contents of S and 36.4% medium.

50% of the soils were unsuitable, 
25% good, 15% high and 10% 
regular.

52.9% unsuitable, 35.3% regular and 
11.8% good.

47.1 of the soils were good, 35.3% 
unsuitable, 11.8% regular and 5.9% 
high.

Cl- 90.9% of the soils were unsuitable 
and 9.1% regular.

85% presented unsuitable contents, 
10% high and 5% good.

88.2% were unsuitable soils, 5.9% 
regular and 5.9% high.

100% of the soils presented unsuit-
able contents.

Texture
90.9% of the soils presented sandy 
clay loam textures and 9.1% were 
sandy loam.

65% of the soils were sandy clay 
loam textures, 15% clay, 15% clay 
loam and 5% sandy loam.

94.1% of the soils presented sandy 
loam textures and 5.9% sandy clay 
loam.

70.6% of the soils presented sandy 
loam textures, 17.6% clay sandy 
loam, 5.9% sandy loam and 5.9% 
clay loam.
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to the texture (clay contents in the soils), precipitation, 
and watering or irrigation systems and other practices of 
agricultural handling, and the presence of volcanic ash in 
Huila (Ruíz et al., 1994; Bonh, 2001; Sposito, 2008). In ad-
dition, based on the results, the content of native nitrogen 
is different in the four counties in this study, intervening 
with and influencing the tobacco quality of Flue-cured to-
bacco through its direct relation with nicotine production 
(Hurtado et al., 2007), due to the quantity and different 
forms of Nitrogen that can be obtained through mineral-
ization processes.

Because of the parental material of the soil in these two 
states, the organic matter in Huila was higher and more 
suitable for the sowing of tobacco, as a result of the volcanic 
ash (Carrizosa and Vega, 1969; Ruíz et al., 1969 and 1994). 
On the contrary, in Santander, the influence of materials 
such as sandstone, slate banks of limestone and granodito-
rites made the organic matter lower (Carrizosa and Vega, 
1969). Nevertheless, the analysis of soils evaluated in the 
county of Capitanejo showed that these soils are unsuit-
able for the sowing of tobacco because the organic matter 
content was higher than 3%, this is possible because of the 
higher contents of clay compared with the ones in Huila. 
These very high contents are unsuitable for the tobacco 
crop, because of nitrogenous compounds formed by the 
mineralization process and also due to the implied nicotine 
contents (Ballari, 2005; Marchetti et al., 2006; Hurtado et 
al., 2007).

Phosphorus (P)
In Huila, 41.2% of the sampled soils showed unsuitable 
phosphorus contents, 38.2% with very good content, 17.6% 
good and 2.9% with a regular content of this element. On 
the other hand, in Santander, all soils had an unsuitable 
content of P. In Huila, the soils registered higher contents 
of phosphorus, without reaching a high availability (Tab. 5).

In the counties of Huila, Campoalegre presented soils with 
a very good content of P (58.8%), good content (17.6%) and 
unsuitable content (23.5%), whereas in Garzón county, 
58.8% of soils did not have suitable contents of P, 17.6% 
had good content levels of P, 17.6% with suitable contents 
and 5.9% with regular contents of P (Tab. 5).

In these four counties, the phosphorus content was unsuit-
able for the sowing of tobacco crops, because the values 
were greater than 40 mg kg-1. According to Ruíz et al. (1994), 
in Huila, the majority of the soils present low contents of 
assimilable phosphorus, excluding the soils of Lithic Us-
torthens, Tropic Fluvanquents, Typic Troporthents, Typic 

Hapludands, Typic Eutropepts, Typic Tropofluvents, Typic 
Haplustalfs and Typic Ustipsamments; which can pres-
ent contents greater than 80 mg kg-1. These contents can 
be attributed to the apatite field deposits, presented with 
different thermic and storey reliefs. The contents of P in 
Santander were not available for the plants, neither were 
they found in the solution of the soil, due to the calcium 
content, which these contents generate the formation of 
calcium phosphates, adsorption and precipitation of the 
element (P) (Wandruszka, 2006; Sposito, 2008). 

The native contents of the phosphorus element for these 
two zones are limited because of chemical conditions and 
specifically due to the calcium and volcanic ashes contents 
(Carrizosa and Vega, 1969; Ruíz et al., 1969 and 1994), 
which generate low phosphorus concentrations in the soil 
solution, limiting root growth in the crop, because a greater 
proportion of this element is required in the first growing 
stages (Crafts-Brandner et al., 1990; Smith and Wood, 2011; 
Osmond and Kang, 2008). 

Potassium (K)
The soils from Huila presented unsuitable contents of K 
(50%), while in Santander, soils presented a good content of 
this element (41.9%). Nevertheless, the remaining percenta-
ge of the soil in Huila presented good, suitable and regular 
contents of potassium (20.6, 5.9 and 23.5%, respectively). 
In Santander, regular, unsuitable and suitable contents of 
K were found (29, 22.6 and 6.5%, respectively) (Tab. 5).

In the county of Campoalegre, 88.2% of the soils presented 
an unsuitable content of K and 11.8% with a regular content 
of this element. In Garzón, 41.2% presented good content, 
35.3% regular content, 11.8% unsuitable, with an equal 
percentage with a suitable content. In Capitanejo county, 
36.4% presented a regular content and an equal percent-
age with a good content for this element, 18.2% with an 
unsuitable content and 9.1% with a suitable content of K. 
Finally, in Enciso, 54.5% of the soils had good contents, 25% 
regular, 25% unsuitable and 5% with very good contents 
of potassium (Tab. 5).

In Huila, the potassium was unsuitable due to low contents 
found for this element, on the contrary in Santander, it 
presented unsuitable levels for this element but because 
of high contents, this situation is related directly with the 
texture of the soil (Ballari, 2005). The unsuitable contents 
for potassium are reflected in the quality of the leaf in 
the tobacco crop, in the physical quality principally, as 
a result of the modifications on parameters like: texture, 
consistency, and structure in the tobacco leaf (Condor and 



431Rodríguez, Hoyos, and Plaza: Chemical characterization of some soils from four counties that produce Flue-cured tobacco

Villagarcía, 2002; Ballari, 2005; Lu et al., 2005; Moustakas 
and Ntzanis, 2005; Gurumurthy and Vageesh, 2007; Yang, 
et al., 2007; Osmond and Kang, 2008).

Calcium (Ca)
According to the results of the analysis of soils, 32.4% of 
the soils in Huila presented unsuitable contents of calcium, 
26.5% good contents, 23.5% suitable and regular contents 
17.6%. While 96.8% of the soils in Santander had the ten-
dency to present unsuitable contents for Ca and 3.2% with 
regular contents for this element (Tab. 5).

In Campoalegre county, of the sampled soils, 29.4% pre-
sented unsuitable contents for calcium, due to its deficiency 
in this zone, with values below the minimum taking into 
consideration the texture of the soil, 29.4% belonged to soils 
with a very good content, 23.5% good content and 17.6% 
with a regular availability of Ca. In Garzón county, 35.3% of 
the sampled soils presented unsuitable contents of calcium 
due to excess, 29.4% with good contents, 17.6% suitable 
and 17.6% regular contents in relation to the levels of Ca. 
Huila was the state that presented the greatest variability in 
calcium contents in the soils. In Santander, the soils with 
unsuitable contents were due to excess of Ca contents that 
are found in this zone; in Capitanejo, 100% of the soils had 
unsuitable contents for calcium. In Enciso county, 95% of 
the soils were unsuitable in relation to the contents of Ca 
and 5% had regular contents of this element (Tab. 5).

Ruiz et al. (1994) reported unsuitable contents for calcium 
and suitable contents for the two Huila counties of the 
present study. Nevertheless, the calcium contents in Huila 
vary because of the anthropic intervention or processes, the 
parental material, the weather or climatic conditions and 
the relief; soils with altitudes over 2,000 m a.s.l. are found 
to be poor in exchangeable bases, on the contrary; the soils 
located lower than 1,000 m a.s.l. present a high concentra-
tion of this element (Ruíz et al., 1994). In Santander, the 
excess of calcium is due to the parental material and the 
physical and chemical weathering processes that were 
found in this zone during the deposit of sedimentary ma-
terials (Carrizosa and Vega, 1969; Malagón, 1979). 

Magnesium (Mg)
In Huila, unsuitable contents of magnesium prevailed 
(70.6%), with equal levels of soils with suitable, good and 
regular contents of Mg found (8.8, 8.8 and 11.8% respecti-
vely). These results agree with the ones reported by Ruiz et 
al. (1994) for Huila. 35.5% of the soil in Santander, showed 

unsuitable contents of Mg, 32.3% had good contents, 19.4% 
with suitable and 12.9% with regular contents for this 
element (Tab. 5). 

In Huila, in the county of Campoalegre, 41.2% of the soils 
were characterized by having unsuitable contents of Mg, 
17.6% corresponded with a suitable content, 23.5% with 
regular and 17.6% with good contents of magnesium; on 
the contrary, 100% of the soils in the county of Garzón had 
unsuitable contents for this element. In Santander, in the 
county of Capitanejo, 45.5% presented soils with unsuitable 
contents and 54.5% with suitable contents of Mg; in Enciso 
county, 30% of the soil presented suitable levels, 30% with 
unsuitable, 20% with regular and 20% with good contents 
for this element (Tab. 5).

The soils from Huila and Santander in general have the 
tendency to present unsuitable magnesium contents, which 
is a principal deficiency of this element in the soil, a condi-
tion which may generate a decrease in the quality of the 
tobacco leaf, producing dark cured leaves and reduction in 
the sugar and starch contents (Pinkerton, 1972; Smith and 
Wood, 2011; Rojo, 2006). 

Sulfur (S)
In the state of Huila, soils with unsuitable contents of S 
(44.1%) prevailed according to the requirements for this 
element in the tobacco crop; an equal situation was found 
in the state of Santander (54.8%); some soils with good con-
tents (29.4%), regular contents (23.5%) and high (2.9%) con-
tents for sulfur were also found. Besides in Santander state, 
are soils which present good, high and regular contents for 
sulfur (29, 9.7 and 6.5% respectively). Summarizing, both 
states in the present study presented an excessive content 
for S in the majority of their soils (Tab. 5).

In Campoalegre county, 52.9% of the soils were charac-
terized by having unsuitable contents for S, 35.3% corre-
sponded to soils with regular and 11.8% with good contents 
of S. In Garzón, 47% presented good contents, 35.3% of the 
soils were with unsuitable contents, 11.8% with regular 
content and 5.9% with high contents for this element. In 
Capitanejo, 63.6% of the soils presented unsuitable levels 
and 36.4% with good content levels for sulfur. In Enciso 
county, 50% of the soils presented excess sulfur, 25% with 
good content, 15% with high and 10% with regular contents 
for S. For this reason, it can be said that the counties of 
Garzón and Enciso presented a greater variability in the 
content of sulfur in the soil (Tab. 5).
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Chloride (Cl-)
In Santander, 87.1% of the soils presented unsuitable con-
tents for Cl-, 6.5% high, 3.2% good and 3.2% with regular 
content. In Huila, 94.1% of the soils presented an unsuitable 
content for Cl-, 2.9% high and 2.9% with regular contents 
for this element (Tab. 5). It was noticed that the majority 
of the soils sampled in both states showed unsuitable levels 
(>16 mg kg-1) for Cl- for the tobacco crop; it is important to 
emphasize that this element is harmful for the quality of 
the tobacco crop if it is found to be in excess, causing lower 
combustibility in the dried tobacco leaf (Elliot and Back, 
1963; Ishizaki and Akiya, 1978; Randle, 2004; Osmond 
and Kang, 2008).

In Campoalegre, 87.1% of the soils were characterized by 
possessing unsuitable contents of Cl-, 5.9% with a high level 
content and the remaining soils (5.9%) with a regular con-
tent for this element. On the other hand, in Garzón county, 
100% had unsuitable contents of Cl-. In Capitanejo, 90.9% 
of the soils sampled presented unsuitable contents for this 
element and 9.1% with regular contents. In the county of 
Enciso, in 85% of the soils, Cl- was not found with suitable 
contents due to the excess of this element, 10% with a high 
level and 5% with good level contents (Tab. 5).

Texture
The states of Huila (97.1%) and Santander (80.6%) were cha-
racterized by having ideal textures for growing the tobacco 
crop. In Huila, in the county of Campoalegre, 100% of the 
soils sampled presented ideal textures (SCL and SL); while 
in Garzón county, 94.1% were ideal soils (LS, SL and SCL) 
and the remaining percentage presented unsuitable soils 
(CL). In Santander, Capitanejo county presented 100% soils 
with an ideal texture (SCL, L and/or SL). In the county of 
Enciso, 70% of the soils had an ideal texture (SCL, L and/or 

SL) and 30% of the remaining soils presented an unsuitable 
texture (C and/or CL) (Tab. 5).

In the four counties, it can be said that the majority of 
the soils were ideal considering the texture since the soils 
were clay sandy loam, sandy loam and loam. Light soils 
produce very good industrial quality tobacco. Furthermore, 
unsuitable soils, such as heavy ones, generate an increase 
in the levels of nicotine and root growth is not optimum; 
nevertheless, they should present with good drainage and 
avoid flooding (Rodríguez, 2004; Ballari, 2005).

Grouping analysis of the plots

Huila and Santander
Sixty-five soil analyses from the two states were grouped 
by similitude as shown in Fig. 2, through 9 variables and 
24 association modalities. The variables which intervene 
on the grouping are: OM, P, K, Ca, Mg, S and Cl‒. 

In the first division line, two groups are observed, A (23%) 
and B (47%). Group A is characterized by presenting unsuit-
able contents for OM, Ca and S and a Mg content between 
good and regular. On the other hand, group B presents 
suitable contents for OM and Mg, a good content for K, 
regular for S and unsuitable for Mg (Fig. 1).

In the second division line, three groups are observed, A 
(23%), C (6%) and D (71%). Groups C and D are subdivisions 
of group B. Group C is characterized by presenting suitable 
contents for S. Group D presents suitable contents for OM, 
Mg and Ca and a regular content for S (Fig. 1).

On the third division, five groups are observed A (23%), C 
(6%), E (6%), F (5%) and G (60%). Groups E, F and G are 

FIGURE 1. Grouping by similitude of the analyzed variables from the results and interpretation of the soil analysis. This dendogram was built with the 
statistics program SPAD 3.5.
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subdivisions of group D. Group E presents a regular content 
for Ca. Group F is characterized by presenting suitable 
contents for Cl-. Group G presents suitable contents for OM 
and Mg, good for Ca and regular for S (Fig. 1).

The fourth classification by similitude of the plots presents 
seven groups H, I, C, E, F, J and K; wherein H and I are 
subdivisions for group A, and groups J and K subdivisions 
of group G. In group H, 20% is characterized by presenting 
unsuitable contents for OM, Ca and S and a good content 
for Mg. In group I, 3% is differentiated by presenting a 
regular content for Cl-. Group C is the same as group E 
and F were described previously. In group J, 50% of the 
plots were found, but characteristics of separation are not 
presented. In group K, 11% of the grouped plots were found, 
it is characterized by having suitable contents for Ca and 
P, an unsuitable content for K and a regular content for S 
(Figs. 1 and 2). As seen with the multivariable analysis in 
Santander, the remaining divisions were not described, due 
to the lack of separation variables.

Conclusions

In general, the soils that were sampled in this present study 
in the state of Huila were characterized by having a tex-
ture, pH and percentage with suitable contents for organic 

matter; with unsuitable contents for P, K, Mg, S and Cl- for 
the tobacco crop and calcium contents between unsuitable 
and good levels. 

In the soils from the state of Santander, unsuitable contents 
and percentage for pH, OM, P, Ca, S and Cl- prevailed, 
finding equally suitable textures, K had regular contents, 
and Mg presented contents between unsuitable and regular.

The soils from Huila presented a greater variability for 
pH, OM percentage and Ca contents; while the soils from 
Santander presented a greater variability for Mg content. 

Out of the nine evaluated parameters in the grouping 
analysis by similitude, the textures and pH did not allow 
separation of the groups. Chloride was a parameter that 
did not take into account the grouping analysis for Huila; 
therefore, the contents for this element in the soil were simi-
lar for the counties of Huila (Campoalegre and Garzón).
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