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Abstract
Objectives: To determine the annual rate of Soil Respiration (SR) in different vegetation uses in the University of Sucre, 
analyzing its relationship with temperature, soil moisture and some properties of soils. Methods/Analysis: It includes the 
selection of the sampled areas, the location of the plots and the measurement of the SR, temperature and soil moisture in 
each one over a year. The determination of some properties of soils and the use of statistical software that allows comparing 
data between each of the soils and determining the existence of relationship between the measured variables. Findings: 
The organic matter in the soil turned out to be the main limiting factor of the SR, greater amount of organic matter favors 
the SR. The SR was not related to the soil temperature but to the soil moisture where ranges were formed that optimizes 
or limits the SR. The area with the greatest diversity of plant species (native vegetation) had the highest SR average (46.42 
μmol CO2/m2s), followed by Hura crepitans (42.04 μmol CO2/m2s), Pasture (41.66 μmol CO2/m2s) and Tectona grandis 
(40.65 μmol CO2/m2s), these differences were due to the characteristics of each soil and the sun exposure of each one. 
Novelty/Improvement: The accumulated Soil Respiration ASR resulted to have a direct linear relationship with respect to 
time. Based on this, the annual SR rate was estimated between 49.3 and 49.4 mol CO2/m2 in the area with native vegetation, 
47.5 and 47.6 mol CO2/m2 in H. crepitans, 44.8 and 44.9 mol CO2/m2 in pasture and 44.3 and 44.4 mol CO2/m2 in T. grandis.
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1.  Introduction

Soil Respiration (SR) is one of the oldest parameters to 
quantify microbial activity, representing the total flow 
of CO2 produced by metabolic processes of organisms, 
including heterotrophic and autotrophic respiration1,2. 
There are different processes to microbial respiration 
that cause the soil to release CO2 as the fermentative and 
anaerobic processes that use NO3 and SO4 as electron 
acceptors3.

SR is one of the components that contributes the most 
CO2 to the total respiration of the global ecosystem1,4, 
emitting approximately 80.4 Pg CO2-C (1 Pg = 1015 g) 
which represents 10% of the total atmospheric carbon5. 
The measure of this reflects the quantity and quality of 
carbon sources present in the soil, which reflects an index 

of the potential of the microbiota to degrade organic 
matter6. However, due to the presence of microorganisms 
is related to the amount of organic component present in 
the soil, like the microbial biomass, the measurement of 
the rate of respiration in the soil is a sensitive indicator 
that allows assessing the response of ecosystems to 
external factors3.

Respiration rates depend mainly on the locality; in 
general, they are higher in areas of warm climate and 
can vary from place to place due to temperature, pH, 
moisture content, availability of nitrogen, amount of 
organic matter7; amount of leaf litter, Carbon8; porosity, 
texture and bulk density of the soil9. These characteristics 
vary when there is a change in the use of the soil and 
with this, the amount of CO2 emitted from the same is 
directly affected10,11. Additionally, it has been shown that 
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the variations of temperature and moisture present in soil 
can be related to the variation in the SR exponentially12,13 
or directly14; although in other cases no relation has been 
found15,16.

In this study, the annual rate of Soil Respiration was 
determined in four vegetation uses, in an anthropized soil 
inside the University of Sucre (Puerta Roja), evaluating 
the variations that occur in temperature, moisture and SR 
during a year, in the same way comparing the effects that 
have the use of the soil on such annual rate and estimating 
if the properties of each soil can influence the SR.

2.  Materials and Methods

2.1  Study Area
The research was conducted from June 2015 until May 
2016 at the University of Sucre (Puerta Roja) in the 
municipality of Sincelejo (Sucre - Colombia), which is 
located at 09°19’01” of North latitude and 75°23’16.39” of 
West longitude. It has an area of approximately 235490.7 
m2 and is framed in a tropical dry forest life zone, with 
an altitude of 182 meters above sea level and climate 
of warm thermal with a temperature ranging between 
25.5°C-28.7°C and an average relative humidity of 
60-80%17,18.

Inside the university campus are soils with different 
degrees of anthropization, among which four anthropized 
areas with different soil uses were selected: An area 
with the presence of plants native to the region (from 
now on “Native vegetation”) with an area of 0.7 ha in 
which the families Fabaceae, Euphorbiaceae, Malvaceae, 
Acanthaceae, Asteraceae and Anacardiaceae predominate 
and in a lesser proportion Amaranthaceae, Boraginaceae 
and Solanaceae according to the Herbarium of the 
University of Sucre (HEUS). A space of 0.5 ha is covered 
with pasture and other herbaceous plants (hereinafter 
“Pasture”); and two areas with monoculture plantations, 
one with Teak (Tectona grandis) of 0.5 ha; and another 
with “Ceiba de Leche” (Hura crepitans) of 0.6 ha.

2.2  Field Work
In each of the areas, three permanent plots were established 
during a year with an area of 200 m2 and dimensions of 10 
x 20 m. The location and distance between the plots were 
adapted to the conditions of the respective work areas 
covering the largest possible area. PVC “necklaces” with 

a diameter of 10.5 cm, a height of 10 cm and a depth of 8 
cm inside the ground were installed in the corners of the 
plots, in order to reduce disturbance in the soil. In total 48 
necklaces were located taking into account the four soil 
uses. The measurements and samplings were made every 
4 weeks between 08:00 and 18:00 hours of the day; each 
plot was visited at a different time between samplings to 
take into account the environmental variation in relation 
to the position of the sun at the end of the day.

2.3 � Respiration, Temperature and Moisture 
of the Soil

For the SR an equipment was used EGM-4 (PP-Systems) 
together with a Soil Respiration chamber SRC-1 
(PP-Systems). This instrument is of the category dynamic 
closed chambers and has an infrared gas analyzer or 
IRGA (Infra-Red Gases Analyzer) where the CO2 flow 
is determined by the increase of the concentration in 
the chamber in a determined time19. In addition, this 
equipment has a sensor that measures the temperature of 
the soil simultaneously with the SR.

As the equipment gives the value of the SR in units 
of ppm, the SR was calculated as a flow of CO2 using the 
followingequation20:
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For soil moisture measurement, a kit ML3 Theta Kit 
brand Delta-T Devices was used, which has a humidity 
meter HH2 for instant reading and an insertion tool to 
penetrate hard soils.

2.4  Physical-chemical Soil Analysis 
For soil analysis, four subsamples were taken per plot at 
random points until reaching a 1 Kg sample for each area 
(12 sub-samples in total for each soil use). For each sub-
sampling, the layer of vegetation and surface of the soil 
was removed and then a hole was made in the shape of a 
“V” with a depth of 10 cm. A slice of the soil 2-3 cm thick 
was cut from the hole wall, from which the part that was 
between 3 and 8 cm deep was taken, then homogenized 
and was delivered to the laboratory21.

The homogeneous soil sample was used of 0.5 Kg to 
do physical-chemical tests, following the indications and 
methodologies exposed by Geographic Institute (IGAC) 
(Table 1)22–24.
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Table 1. Methods to determine the edaphic 
characteristics

Determination Methodology or Equation
Bulk density Clod of paraffined soil
Organic Matter Indirect method, Organic carbon22

pH Potentiometric 1:1 NTC 5264 23,24

Porosity
P = 1- (ρa/ρr)
ρb: Bulk density.
ρp: Particle density.

Texture Bouyoucos

2.5  Statistical Analysis
The statistical program R version 3.4.1 was used to 
evaluate the normality of the data obtained with the 
Shapiro-Wilk and Kolmogorov-Smirnov tests. The 
Kruskal Wallis test was used for differences between 
treatments and subsequently two versions of the Mann-
Whitney U test were performed, one normal and the 
other by inequalities of the Tukey test to determine the 
difference between the means of the values of each one 
of the soil uses. In addition, a Spearman and/or Pearson 
correlation coefficient analysis was carried out when the 
data allowed it, to determine the relationship of the SR 
with the temperature, with the moisture and with the 
properties of the soils.

3.  Results and Discussion

3.1  Variation of the Temperature
The temperature of the soils inside the University had 
an average between 29°C and 31°C, being similar to 
the average of the environmental temperature that the 
IDEAM manages for the department of Sucre (27-34°C 
IDEAM). The highest value was registered in the soil of 
T. grandis, with 36°C in February and the lowest value 
was 26°C in the soil with native vegetation in September. 
Figure 1 shows that the soil with T. grandis had higher 
temperatures than the rest of soil uses in six months, 
the months of February, March, April and May were the 
highest temperatures and in June, July, August, September 
and October were the lowest temperatures.

The temperature in the soil uses was organized 
in the following way, the largest was in the soil with T. 
grandis (31°C), followed by the pasture (30.42°C), H. 
crepitans (29.92°C) and finally that of native vegetation 
(29.83°C). Taking into account that the heating of the 

soil depends directly on the amount of radiation that 
reaches its surface25, in the soil with T. grandis, the highest 
temperature records were found, due to the characteristics 
of this area and the species. The soil has a free surface 
of another plant species, that combined with T. grandis 
physiognomic characteristics such as the cylindrical shaft 
and lack of branches until the first 20 or 25 m, which do 
not expand beyond 3 or 4 meters in circumference26, make 
the soil is exposed to the sun much of the time and in a 
greater percentage of area. In addition, this is a deciduous 
specie26, which means that it loses its leaves in the summer 
months (such as January, February, March) and with it 
there would be a total exposure of the soil to the sun, 
which would increase the temperature considerably.

In the Kruskal Wallis test a p-value of 0.335 (>0.05) 
was obtained, so we can infer that there were no 
significant differences between the temperatures of one 
soil and another throughout the year. This behavior of 
the temperature with differences between months, but no 
differences between annual averages of the land uses can 
be due to the proximity of the areas, exposed to the same 
monthly fluctuations of environmental temperature.

3.2  Moisture Variation
Regarding the moisture present in the soil, according 
to Figure 2, a pattern of moisture can be presumed 
throughout the year, being higher between the months of 
July to November but, when December arrives until May 
it decreases progressively to increase again in June.

The moisture in the four soil uses ranged between 
30%-40%. However, moisture values between 5% and 
9% were registered in the months of April, March and 

Figure 1.  Variation of soil temperature over 12 months 
in four vegetation uses within the University of Sucre.
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February in the soil with T. grandis. In contrast, the 
highest values were in the soil with native vegetation, with 
values of 58% and 52% in the months of September and 
August respectively.

The averages of annual moisture in each use of the 
soils were given as follows: Native vegetation (42.4%), H. 
crepitans (39.58%), pasture (38.0%) and finally T. grandis 
(20.17%); in this case, the Kruskal Wallis test showed a 
p-value of 5.225 е-16 (<0.05), demonstrating the existence of 
significant differences in the moisture of the four soil uses.

The moisture content in the soil with T. grandis was 
lower, compared to the other three soil uses due to the same 
characteristics for which it has a higher average temperature. 
Then, an increase in temperature and a direct exposure to 
the sun makes the water retained inside evaporate more 
easily and quickly, which leads to a low moisture content.

In contrast, the soil of the area with native vegetation 
had lower average temperature and higher percentage of 
moisture throughout the year, a fact that has been register 
for the greener zones27, because they have characteristics 
contrary to the soil of T. grandis. In this area, the soil is more 
cover by large trees as well as various shrub and herbaceous 
plant species that remain always green throughout the year, 
preventing the sun from reaching directly to the surface of 
the ground almost entirely. The temperature may vary less 
and moisture may be maintained28, which, accompanied 
by a greater amount of organic matter and lower porosity 
compared to the other three soils, favors the retention of a 
greater amount of water inside the soil29,30.

3.3  Variation of Soil Respiration
The SR had a similar pattern in the four soil uses in the 
university campus (Figure 3); in the rainy months (months 

of June to October), the SR is higher after the first rains 
in June, due to the activation of the metabolic processes 
of the bacteria present in the soil31. However, as the rains 
continue, the temperature reaches the lowest values, the 
moisture the highest and the RS decreases, which is similar 
to that found in other studies where the emission of CO2 
from the ground was reduced in winter times, which 
would be in our ecosystem during the rainy months32. In 
the dry months (months of January to April) where the 
temperature is higher and the moisture becomes lower, 
the SR was significantly reduced in relation to the values 
of rainy months, coinciding with other investigations, 
given that in drought activities inside the soil are 
reduced due to lack of water or moisture33–36. After the 
dry season, it was noted that the SR increased after a rain 
event (month of May), this has been observed in other 
investigations16,37, this fact is explained because when it 
rains, the water helps activate the metabolic processes in 
roots and bacteria within the soil37. Additionally, it causes 
the gas stored in the pores of the soil and comes out to the 
surface (known as degassing), causing an increase in SR35.

The Figure 3 shows that SR values with native 
vegetation and H. crepitans are above the values obtained 
in soils with T. grandis and pasture in most of the time. 
This was confirmed by observing the average values of 
SR per month in the four study areas, native vegetation 
with 46.42 μmol CO2/m

2s, followed by H. crepitans with 
42.04 μmol CO2/m

2s, pasture with 41.66 μmol CO2/
m2s and T. grandis with 40.65 μmol CO2/m

2s. Within 
the records, the lowest value was 27.32 μmol CO2/m

2s 
in the soil with T. grandis, while the highest value was 
found in the soil with native vegetation with 66.26 μmol 
CO2/m

2s. All these SR values obtained were higher than 
those reported in Canada38, China13.33,39,40,41, Slovakia42, 
Spain15,27,37,43, Hungary32,34,44, Mexico35, USA8,12,16,45–47 and 
the data presented for Colombia48–50. Perhaps, because in 
the ecosystems of warm or tropical climates, like those 
of this investigation, SR increases in comparison with 
soils of cold and temperate climate7, being affected by 
the altitude of the ground, being higher in low altitudes 
like the present investigation and minors in high latitudes 
as in the soils of the works mentioned14,37. In addition to 
the climatic characteristics, the measurement method 
can have effects on the results19. Research has shown 
that SR in situ is greater than expected by samples in 
laboratories12,51,52 or estimated by mathematical models1,53.

In the Kruskal Wallis test a p-value 0.01718 (<0.05) 
was obtained, suggesting the existence of significant 
differences between the SR of the four soil uses. When 

Figure 2.  Variation of soil moisture over 12 months in 
four vegetation uses within the University of Sucre.
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comparing SR data between them, statistical differences 
were found only between the soil of native vegetation and 
T. grandis with a p-value of 0.038 (<0.05). Which may 
indicate that by anthropizing or changing soil uses in the 
study area, to plant species such as T. grandis can affect 
the processes that occur in the soil, and one of them is 
RS. It known that the vegetation types present alter the 
amount of CO2 emission13. In the native vegetation and in 
H. crepitans, the average SR remained above the other soil 
uses due to a greater protection of the soil by the presence 
of trees, shrubs, herbaceous and litter leaves10,11, which at 
the same time increases the microbial biomass and root 
biomass, favoring the SR8. Therefore, in this case, it is 
evident that more conserved forest soils always showed 
higher SR when compared with pastures and bare soils, as 
well as other works8,15,53.

The four areas selected in the study have undergone 
changes within the university due to man, but the fact 
that the SR has been greater in the area with greater 
coverage and diversity of native plants is of great interest 
when making changes in the soil use. For example, the 
deforestation of forests to plant T. grandis as an economic 
activity and the reforestations of areas with only one 
species are not an activity that helps the conservation of 
an ecosystem. The presence of a greater number of native 
species in an area can lead to better soil conservation, as 
well as the balance of biogeochemical cycles and therefore 
a conservation of the other components of biodiversity.

SR is considered as a measure of the activity of 
microorganisms7, such as the amount of available carbon 
and the quality of soil6, so it is inferred that the soil with 
native vegetation and H. crepitans were found to be in 
better condition and more preserved that the pastures 
soils and T. grandis.

3.4 � Relationship between Soil Respiration, 
Temperature and Moisture in the Soil

Table 2 shows the values of the correlation between the 
SR with the temperature and soil moisture, as well as the 
p-values of each correlation coefficient. It can be deduced 

that in the four land uses there was no significant 
relationship between the SR and the temperature but 
there was a significant relationship between the SR and 
the moisture, similar to other reports12,46. The temperature 
was not significant in this work due to the proximity 
of the areas in the literature there are reports where the 
relationship between the SR and the soil temperature was 
always higher38,44. In addition to this, it is stated that in 
soils with a hot climate, as in this case, the SR is more 
related to moisture than to other factors36.

Figure 4 shows the curves that relate moisture to 
Soil Respiration for each of the soil uses. In the native 
vegetation the SR was favored when the moisture stayed 
in a range between 40% and 50%, in T. grandis in the range 
between 15% and 32%, in H. crepitans in a range between 
35% and 48% and in pasture between 25% and 42%. When 
the moisture values were outside these ranges, the SR was 
reduced. It can be said that an optimum moisture range 
and another limiting range for the SR were formed. These 
ranges can be related to the field capacity of each soil use, 
because when the soil has a moisture at field capacity 
the SR increases, but when it is lower or higher the SR is 
reduced31,38. Therefore, it can be considered that moisture 
is one of the main factors that limit and determine the 
amount of SR in each type of soil54.

Figure 3.  Variation of Soil Respiration over 12 months 
in four vegetation uses within the University of Sucre.

Table 2. Results of Spearman correlation tests of Soil Respiration (SR) values with the Temperature (T) and Moisture 
(M) present in each of the soil uses

Variables Correlation Native Vegetation T. grandis H. crepitans Pasture
SR–T SOIL Spearman -0.1146 -0.2476 -0.1913 -0.2115

P-value correlation 0.5058 0.1454 0.2637 0.2156
SR–M SOIL Spearman 0,3509 0,3528 0,3975 0,5841

P-value correlation 0.0359 0.0348 0.0164 0.0002
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3.5 � Physical and Chemical Properties of the 
Soil

Table 3 shows the physical and chemical properties 
of the soil for each of the uses. It is observed that in all 
samples the texture is similar (clayey soil). Furthermore, 
three of the land uses studied have a slightly alkaline pH 
(H. crepitans, native vegetation and pasture) while the 
soil with T. grandis is slightly acidic. In terms of organic 
matter, mean values were obtained in the sample of soil 
with native vegetation, low in the H. crepitans and pasture 
samples, and very low values for T. grandis. This is 
basically because the replacement of this in monocultures 
is deficient in comparison to soils with a variety of 
vegetation due to the specialization of the soil and the 
non-rotation of the use.

3.6 � Relationship between Soil Respiration 
and Physical Properties

Like moisture, the amount of CO2 emitted from the 
ground is related to physical characteristics of the soil. To 
establish the existence of a relationship between SR and 
the characteristics of each soil use, the average SR values 
were used and the Pearson correlation test was carried out 
(Table 4). The highest correlation coefficient was between 

the SR and the organic matter (0.8263), this being the 
only soil property that has a significant relationship with 
the SR. Given that it has a greater coefficient than those 
obtained in relation to temperature and moisture, it can 
be inferred that the presence of organic matter was the 
main factor that conditioned the amount of CO2 emitted 
by the four study areas. The SR increases when there is 
more organic material, due to the percentage of organic 
matter increases the production and decomposition by 
the microbial element in the soil7,15,44.

Although organic matter has been the only property 
with a significant relationship with SR, it is necessary to 
consider other characters that work together in the soil to 
optimize or limit the emission of CO2 into the atmosphere. 
This indicates that, although porosity, pH, bulk density 
and cation exchange capacity have had small values in their 
correlation indexes, these may be exerting some effect on 
the RS in conjunction with the other factors. Besides those 
evaluated here, it can also be related to soil biomass32,53, 
root biomass13, organic C content54, among others.

Table 4. Results of Pearson correlation tests between 
the physical-chemical characteristics and the SR of 
each soil use

Variables Pearson 
Correlation 

P-values 
correlation

SR – Bulk density 0.1325 0.7545
SR – pH 0.5703 0.1399
SR –Total porosity -0.4704 0.2395
SR – Orgánic Matter 0.8263 0.0115
SR - CEC 0.4612 0.2501

CEC: Cation exchange capacity

3.7 �Determination of the Annual Rate of 
Soil Respiration in the Four uses of 
Vegetation

Accumulated Soil Respiration (ASR) or also called 
annual RS rate is directly related to time, through a linear 

Figure 4.  Polynomial regressions between soil moisture 
and Soil Respiration for each soil use: (a) Native vegetation; 
(b) T. grandis; (c) H. crepitans; (d) Pasture.

Table 3. Physical and chemical properties of the soil in four vegetation uses
Determination Native vegetation T. grandis H. crepitans Pasture
Bulk density (g cm-3) 1.60 1.64 1.35 1.27
pH 7.57 6.05 7.69 7.80
Texture Clayey Clayey Clayey Clay loam
Porosity (%) 30.63 38.11 49.05 52.07
Orgánic matter (%) 2.45 0.45 2.00 1.91
CEC (meq/100g soil) 24.00 21.50 29.00 23.50
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regression model (Figure 5). It can be seen that in the 
native vegetation and H. crepitans the highest values of 
SRA were obtained.

To calculate the ASR in the four soils with different 
use, the following equations (Figure 5) were used:
•	 Native vegetation: ASR = 1.5857D-8.4619.
•	 T. grandis: ASR = 1.4126D-3.1289.
•	 H. crepitans: ASR = 1.5195D-4.8808.
•	 Pasture: ASR = 1.429D-3.0461.

Where D is the elapsed time in days.
The annual rate of SR for each soil use was as follows: 

1. Native vegetation: 49.28 and 49.41 mol CO2/m
2 per year; 

2. T. grandis: 44.27 and 44.4 mol CO2/m
2 per year; 3. H. 

crepitans: 47.5 and 47.62 mol CO2/m
2 per year; 4. Pasture: 

44.8 and 44.93 mol CO2/m
2 per year. The annual rate of 

respiration of the soil with native vegetation is higher than 
that of the other land uses, this is due to the conserved 
characteristics of the soil and the non-erosion due to the 
amount of plants present, helping to conserve a good 
content of matter organic and to keep active and in balance 
the metabolic processes of the organisms, bacteria, fungi 
and roots present in the soil. According to5, forested areas 
have a higher rate of Soil Respiration than any other type, 
being the zone with natural vegetation the most similar 
to a small fragment of forest. The change in the use of the 
soil can directly affect the respiration of this and with it 
the balance of the ecosystems, for that reason the use and 
the changes that are being made inside the campus of the 
university and in all the regions should be reconsidered.

4. Conclusions
The main conclusions of the study may be summarized as 
follows:

•	 The variation of the SR in the year depended on the 
type of vegetation and the degree of anthropization 
that each of the soils had, always presenting an average 
of higher SR in the soils that have a greater diversity of 
vegetation species (Native vegetation).

•	 Plantations of T. grandis can have possible negative 
effects on soil properties, such as pH (producing 
acidification) and the retention capacity of organic 
matter, and at the same time produce an imbalance in 
the exchange of CO2 from soils.

•	 The main limiting factor of the SR was the organic 
matter present in the soil. The higher the percentage of 
organic matter, the greater the respiration of the soil. 
This is due to the increase in the number and activity of 
microorganisms and every organism present in the soil.

•	 Moisture was the second factor limiting the respiration 
of the soil, forming optimal humidity ranges, within 
which the RS is favored and outside of them decreases. 
These optimization ranges will depend directly on the 
type of vegetation that is given to the soil.
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