Ethiop. J. Agric. Sci. 29(3)121-137 (2019)

Soil Carbon Mineralization Kinetics as Influenced by
Changes in Land Use and Soil Management in the
Central Highlands of Ethiopia
Temesgen Desalegn.a, b, c C. Herrerod and M.B. Turriónb, d
a

Ethiopian Institute of Agriculture Research, Holetta Agri. Research Center, P.O.Box., 2003, A.A, Ethiopia.
b
Area of Soil Science and Soil chemistry, E.T.S. Ingenierías Agrarias, Department of Agrofoerstry Science,
University of Valladolid, Avda. de Madrid 57, 34071, Palencia, Spain; cDepartment of Plant Production and
Forest Resources, E.T.S. Ingenierías Agrarias University of Valladolid, Avda. de Madrid 44, 34004, Palencia,
Spain; dSustainable Forest Management Research Institute, University of Valladolid-INIA.
Avda. de Madrid 44, 34004, Palencia, Spain.

አህፅሮት
በመካከለኛው የኢትዮጵያ ደጋማ ቦታዎች የአፈር መብላላት (ሚንራላይዜሽን) ሂደትን ለመረዳት ኩታ ገጠም
ከሆኑ 5 የመሬት አጠቃቀምና አያያዝ ዘዴዎች (የግጦሽ መሬት፣ የእርሻ ማሳ፣ ወደ በህር ዛፍ የተቀየረ የእርሻ
መሬት፣ በኖራ የታከመ ማሳ እና የእዳሪ ማሳ) በተሰበሰቡ የአፈር ናሙናዎች ላይ 62 ቀናት የፈጀ የቤተ ሙከራ
ጥናት ተካሂዷል፡፡ ውጤቱ እንደሚያሳየው የጥቅል ካርቦን መብላላትና እና የመብላላት ፍጥነት ከግጦሽ መሬት
በሁለቱም የአፈር ጥልቀት (ከ0-10 ሳ.ሜ እና 10-20 ሳ.ሜ) መጠን ከሌሎች የመሬት አጠቃቀም ስልቶች አንፃር
ሲታይ በተከታታይነት ከፍተኛ ሆኖ ታይቷል፡፡ ጥቅል የካርቦንዳይኦክሳይድ ልቀት ሲታይ የግጦሽ ማሳ፣ የእርሻ
ማሳ፣ የባህር ዛፍ ማሳ፣ የእዳሪ መሬት እና በኖራ የታከመ መሬት ቅደም ተከተላቸውን ጠብቀው ከፍተኛ መጠን
ነበራቸው፡፡
ከተፈተሹት 6 የፍጥነት ሀይል ሞዴሎች ውስጥ የመጀመሪያ ደረጃው ሞዴል (ጥቅል ካርቦን
ልቀት፣ እምቅ ካርቦን) (1-e-kt) የሚባለው የሙከራ አፈሮችን የካርቦን መብላላት መጠን በመግለፅ ረገድ
ተመራጭ ሆኗል፡፡ የግጦሽ ማሳ በሁለቱም ጥልቀት ደረጃዎች እና የእርሻ ማሳ በ10- 20 ሳ.ሜ ጥልቀት ከሌሎች
የመሬት አጠቃቀም ስልቶች አንፃር ሲታዩ አመርቂ የሆነ እምቅ ለመብላላት የሚሆን ካርቦን እንዳላቸው ማወቅ
ተችሏል፡፡በተመሳሳይ መልኩ ኖራ የተጨመረበት ማሳ እና የእዳሪ መሬት ከ1ዐ-20 ሳ.ሜ የአፈር ጥልቀት ላይ
ከሌሎች መሬት አጠቃቀሞችና አያያዝ ስልቶች አንፃር ሲተይ አመርቂ የሆነ ካርቦንዳይኦክሳይድ ነበራቸው፡፡
በሌላ በኩል ደግሞ የግጦሽ ማሳን የአፈር ተፈጥሮአዊ እና ክብደተ-ህያው ካርቦን ይዘት ከኩታ ገጠም የእርሻ
ማሳ፣ የባህር ዛፍ መሬት፣ በኖራ የታከመ ማሳ እና በእዳሪ ማሳ አንፃር ሲታይ በ9.9 በመቶ በአስተማማኝ ደረጃ
የበለጠ መሆኑ ታይቷል፡፡ የአፈር ተፈጥሮአዊ እና ክብደተ-ህያው ካርቦን መጠን ከእምቅ መብላላት ከሚችል
ካርቦን፣ የፍጥነት ኃይል እና የሁለቱ ብዜት ጋር አዎንታዊ ግኑኝነት ሲኖራቸው ከt½ እና qCO2 ጋር ግን አሉታዊ
ግኑኝነት እንዳላቸው ለታዉቋል፡፡ ስለሆነም ተአካ፣ ክህካ፣ እሚካ እና qCO2 የመሬት አጠቃቀምና አያያዝ
ዘዴዎችን የልዩነት ደረጃ ሁነኛ መለኪያዎች መሆናቸው ታውቋል፡፡

Abstract
Conversions of natural vegetation to other land use and soil management systems are
often accompanied by changes in soil properties and have environmental implications.
Such changes in land use and agricultural practices affect soil carbon pools and
contribute to increased atmospheric CO2 concentrations. Hence, to understand carbon
mineralization processes, a 62-day laboratory incubation experiment was carried out
using soil samples collected from five adjacent land uses and management systems
(grassland, cropland, Eucalyptus plantations, limed land, and fallow land) in the
central highlands of Ethiopia. Total carbon mineralized and the mineralization rates
were consistently higher in grasslands in both 0-10 cm and 10-20 cm as compared to
the other land uses and management systems. The cumulative CO2 release followed the
order: grassland> cropland> Eucalyptus> fallow land> limed land. Among six kinetic
models tested, a first-order model [Ct = Co (1-e-kt)] was selected and fitted well to
describe C mineralization of the experimental data. Grassland in both depths and
cropland in the surface layer (0- 10 cm) had significantly higher mean values of
potentially mineralizable carbon (Co) as compared to each depth in different land uses.
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Metabolic quotient (qCO2) observed in limed land and fallow land in 10 -20 cm depth
was significantly higher than the other land uses and management systems. Similarly,
soils under grassland had significantly (p<0.001) higher soil organic carbon (SOC) and
microbial biomass carbon (MBC) than the adjacent cropland, Eucalyptus plantations,
limed land and fallow land. SOC and MBC were positively correlated with Co, k and
Co*k, and negatively correlated with t1/2 and qCO2. Hence, SOC, MBC, Co and qCO2
were better discriminators among different land uses and management systems, and
therefore, could be used as sensitive indicators of ecosystem change in the study area.

Introduction
Conversions of natural vegetation to other land use and soil management systems are
often accompanied by changes in soil properties and have environmental implications.
Such changes in land use and agricultural practices have affected soil carbon pools and
contributed to increased atmospheric CO2 concentrations (Smith and Conen, 2004). Soils
play an important role as a sink or source of large quantities of carbon to the atmosphere
through soil respiration. Globally, C losses from land use changes have been steadily
increasing over the last century, approaching rates of about 1.4 Pg C yr−1 (Le Quéré,
2010). Therefore, understanding the manifestation of the biological activities of soils from
different land uses and variations occurring in the organic carbon pool has paramount
importance in sustainable management of ecosystem. Soil respiration is a fundamental
process in the carbon cycle and represents the main pathway whereby carbon fixed by the
soil is returned to the atmosphere (Fernandez et al., 2006). Thus, even small changes in
soil respiration may greatly influence atmospheric carbon and heat balance (Veenendaal
et al., 2004; Kane et al., 2005). Consequently, soil respiration has received considerable
attention in recent years because of the release of large quantities of CO2 from the soils to
the atmosphere. Therefore, assessing the impact of land use changes on soil respiration is
of vital significance to understand the interactions between belowground metabolism and
regional carbon budgets (Sheng et al, 2010). Particularly, the description of the dynamics
of C mineralization in incubation studies by fitting the experimental data to kinetic
models could be of great interest for the prediction of the ability of soils in supplying
potentially mineralizable organic carbon and, more generally, for the organic matter
balance (Alessandro et al., 2014).
Previous reports have found that a zero-order equation more adequately describes C
mineralization (Seyfried and Rao, 1988). However, a first-order equation has been
frequently used to describe the carbon mineralization process of SOC (Dossa et al, 2009;
Aulen et al, 2012). Alternatives to the simple first-order model, Delphin (1988)
successfully used a two-part parabolic equation that assumes soil organic carbon can be
divided into two components, a labile fraction and a more recalcitrant one, each decaying
exponentially at rates characterized by its own constant (k and h, respectively). Putting the
above points in view, numerous field and laboratory incubation studies have been
conducted worldwide (Campos et al., 2006; Davidson et al., 2006; Sheng et al., 2010;
Fazle et al., 2014). However, most of these studies on the effects of land use changes on
soil respiration have only focused on temperate environments (Carlisle et al., 2006;
Kellman et al., 2006; Alessandro et al., 2014) and tropical Latin America (Salimon et al.,
2004; Campos, 2006). On the other hand, soil microbial activities, populations and
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communities are governed by site characteristics, such as soil type and texture,
temperature, moisture or pH. It also varies with type of vegetation and its management
practices, environmental conditions and land use types (Frank et al., 2006).
In the highlands of Ethiopia, where low soil pH and associated problems are among the
major impediment to agricultural productivity, conversions of natural
vegetation/agricultural land to other land use and management systems have been in
practice since several decades. However, the native soil organic carbon dynamics in
different land uses and its concomitant contribution to CO2 fluxes have so far rarely been
investigated, and virtually nothing is known about CO2 emissions from different land uses
and management systems. Given that soil microbial parameters are affected by land use,
quantifying them can help evaluate the changes in soil microbial functions driven by
changes in land use (Bastida, 2006).
The objectives of this to present results of study on assessing the C-mineralization
potentials of soils from five adjacent land uses and management systems (grassland,
cropland, Eucalyptus plantation, limed land and fallow land) by laboratory incubation; the
effectiveness of some commonly used decay models for describing rates and amounts of
C mineralization; and evaluations on selected soil microbial parameters and their
relationships with the C mineralization parameters derived from the best model.

Materials and Methods
Site characteristics
Soil samples were collected from Wetabecha Minjaro, (9° 05′ 55″ N; 38° 36′ 21″ E) in the
central highlands of Ethiopia. The area receives 1100 mm of rainfall annually. The mean
decadal (2005 - 2014) monthly maximum and mean decadal monthly minimum
temperatures are 23.3 °C and 8.7 °C, respectively. According to the local agro-climatic
classifications, it belongs to moist highland agro-climatic zone with two distinctive rainy
periods; the main rainy season, which occurs from June to September, and the short rainy
season extending from February to April. The soils are classified as Nitisols with deep,
red, well- drained tropical soils (IUSS, 2006). In these soils, soil acidity (pH< 5) and
associated low nutrient availability are constraints to crop production.

Soil sampling and respiration measurements
In July, August and September, 2012, composite soil samples were randomly collected
from eight sites in each land use and management systems that encompass five adjacent
land uses and management systems (grassland, cropland, Eucalyptus plantation, limed
land and fallow land) in two depths (0- 10 cm and 10- 20 cm) from plots of 10 x 10 m
area. Descriptions of the land uses are given below (Table 1). Besides using the eight sites
as replicates, samples were also replicated twice in the laboratory during incubation. The
samples for Eucalyptus plantations (Eucalyptus globulus L.) were collected from
plantations that were 6 -7 years old. In this context, fallow land was referred to mean a
resting period of 18 months without crop cultivation. The samples from limed lands were
collected after three years of liming acid soils. Prior to analysis, all the samples were airdried, thoroughly mixed, and sieved at 2 mm, plant roots and other residues were removed
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from the samples. Soil particle size distribution was determined by hydrometric method
(Bouyoucos, 1962). Soil pH was determined by using a pH meter in a 1:2.5 soil/water
suspension, soil organic carbon by Walkley and Black method (Walkley and Black,
1934). Total nitrogen (TN) was analyzed by wet oxidation procedure of the kjeldahl
digestion, distillation and titration method (Bremner and Mulvaney, 1982).
Table 1. Descriptions of land use/management systems of the study area
Land use/management
Cropland
Grassland
Fallow land
Limed land
Eucalyptus plantations

Brief descriptions
Areas that were under barley cultivation at the time of soil sampling; had no
history of liming
Huge areas of land with no cropping practice, trees or settlements; totally
dominated by natural grasses and used for grazing
Abandoned previously croplands from cultivation for a period of 18 months
to restore soil fertility
Lime applied fields to counteract soil acidity and its associated problems
Areas occupied by Eucalyptus globulus plantations (6 -7 years of age)

Microbiological analysis
For measuring microbial activity, thirty grams of dry soil samples were wetted to 60 % of
water holding capacity and incubated in 0.5 L air tight jars at 28 °C. The CO2 evolved was
trapped in plastic vials containing 10 ml of 0.5 M NaOH. An empty vial without was used
a control. The moisture content was kept constant by adding distilled water and weighing
at each sampling date. The amount of CO2 evolved was measured after 8, 18, 26, 36, 45,
54 and 62 days of incubation by titrating with 0.5 M HCl against a phenolphthalein
indicator after precipitation with BaCl2 (0.5 M). Soil microbial biomass carbon (MBC)
and nitrogen (MBN) were determined by the chloroform fumigation extraction method,
using 0.5 M K2SO4 as extractant (Vance et al., 1987). Carbon and nitrogen contents in the
fumigated and non-fumigated extracts were determined using SKALAR FormacsHT total
organic carbon analyzer for liquid samples. The metabolic quotient qCO2 [(mg CO2-C. h1
. g-1 MBC] was calculated from respiration values with formula: qCO2 = [(CO2-C
mineralized/MBC] (Anderson and Domsch, 1985). It is considered as an index of
microbial efficiency in utilizing the available resources (high efficiency for low values of
qCO2).

Carbon mineralization kinetic models
Descriptive and graphical analyses of the CO2 respiration values obtained during the 62
days incubation from different land use/management and depths were carried out to detect
anomalies. In addition, six different models were used to describe the CO2 respiration
(Table 2). They were obtained from the scientific literature. The models were tested to
know which one was the best to our data. The convergence, the values of adjusted
coefficient of determination (R2adj.), the squared sum error (SSE) and the mean squared
error (MSE) were important criterions for choosing the best model. Model fitting were
carried out with MODEL procedures of the SAS/STAT® statistical program (SAS
Institute Inc., 2001).
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Table 2. Kinetic models used in to describe soil carbon mineralization
Model
First order
First order special
Linearized power function
Zero order
Two simultaneous reactions
Special model

Equation
Ct = Co(1-e-kt)
Ct = Co(1-e-kt)+C1
Ct = ktm
Ct =a+ kt
Ct = C1(1-e-kt)+C2(1-e-ht)
Ct=C1(1-e-k*t)+ht

References
Murwira et al. (1990)
Jones (1984)
Standford and Smith, (1972)
Seyfried and Rao (1988)
Delphin (1988)
Bonde and Rosswall (1987)

Note: Ct, Co, C1 and C2= Cumulative carbon mineralized after time t (mg C-CO2/kg soil), potentially,
easily, slowly mineralizable carbon (mg C-CO2/kg soil), respectively; a= intercept; k, m and h= rate
constants (day-1); t= time from the start of incubation.

Biochemical parameters related to organic carbon
Once the model was fitted, different parameters were determined to analyze: a) the
potentially mineralizable C (Co), b) the rate constant of carbon mineralization (k) that
represents the slope of the curve, c) the initial potential rate of C mineralization (Co*k), as
the product between Co and k, and d) the half-life time of carbon (t1/2), that represents the
time needed for half of the initial C to decay away necessary to reach a half of the
maximum mineralization. A mixed model was applied in order to detect significant
differences in the measured variables as a function of land uses and management systems
in two depths. The depth was considered as a repeated measures factor. The statistical
model was expressed as follows: [Eq. 1]
[Eq. 1]

with i=1,…,8 for the sites, j=1,…,5 for the land uses and k=1,2 for the two depths, and being:
Observed values of the dependent variable for the land use j at depth k in site i.
general mean effect;
main effect of the depth k;

main effect of the site I;

main effect of the land use j;

interaction effect of the land use j with the depth k;

random error in the dependent variable for the land use j at depth k in the site i. The assumptions
for the model were:

, with = random variance for errors at depth k.


, with

=covariance between

errors at different depths. Therefore, the model included three variance parameters, which were
estimated using the restricted maximum likelihood method (REML). Finally, Tukey´s HSD
procedure was used for multiple comparisons of mean physical, chemical, and microbiological
properties of the soil under different land use systems.
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Results and Discussions
Soil respiration rates
Carbon dioxide-C mineralization rates during the 62-days incubation period followed
similar general pattern across in all land uses and management systems; an initial increase
at the beginning of the incubation followed gradual decreases as the incubation time
progresses (Figures 1 and 2).

Figure 1. Carbon mineralization rates for different land uses during 62 days of laboratory
incubation with standard error (n=8).

The higher amount CO2 evolved at initial stage indicate a rapid depletion of an easily
mineralizable fraction (labile SOC) while the slow-steady phases in which mineralization
declined to a fairly constant rate indicate that the most active fraction has exhausted and
the resistant and stable fraction of SOC was being mineralized (Wander et al. 1994).
The CO2 release in 0 -10 cm followed the order: grassland> cropland> fallow land>
Eucalyptus> limed land. However, in 10 -20 cm the order was; grassland> fallow land >
Eucalyptus> limed land> cropland. In grassland, the emission was higher in both 0 -10 cm
and 10-20 cm than the other land uses and management systems. The higher CO2 release
in grassland could be attributed to the higher organic matter content as compared to
cropland, Eucalyptus, fallow land and limed land. Mukhopadhyay and Maiti (2014)
reported higher CO2 flux under grassland as compared to afforested land because of
higher root density in grasslands, which conserves moisture and enhances root and
microbial respiration. Similarly, Chen et al. (2010) also reported significantly higher
microbial respiration in grasslands as compared to other land uses in North Eastern
Tibetan plateau. High rates of soil respiration can occur because of large pool of labile C
substrates or rapid oxidation of smaller pool (Islam and Weil, 2000). Thus, high basal
respiration may indicate ecological stress and degradation or a high level of ecosystem
productivity.

Temesgen et al.

[127]

Figure 2. Carbon mineralization rates for different land uses during 62 days of laboratory incubation with
standard error (n=8).

Cumulative CO2-C mineralization
The cumulative CO2 evolved during 62 days incubation period as affected by different
land uses and management under the two depths is presented in Figure 3. In general, at
any given time, cumulative CO2 evolved was significantly greater in grassland as
compared to other land uses and management systems. The cumulative CO2 production
was in the order: grassland> Eucalyptus> fallow land> cropland> limed land over the
entire incubation period. The cumulative amount of CO2 released from surface (0-10 cm)
and sub-surface (10-20 cm) soil samples were also greater in grassland (Figure 3).
However, the four land uses, i.e. cropland, fallow land, Eucalyptus and limed land were
not significantly (p ≥ 0.05) different from each in both depths, except in cropland, where
significantly lower cumulative CO2 was recorded in 10- 20 cm soil depth.
According to Frank et al. (2006), higher SOC and MBC lead to higher soil respiration,
and lowest values of soil respiration corresponded to sites with lowest MBC. The
relatively greater C to be mineralized in grasslands indicates that grasslands contained
easily decomposable organic matter than the other land uses and management systems.
This finding is in line with the results of Haiqing et al. (2009), where they reported higher
mineralized carbon under grassland and reduced tillage due to fewer disturbances,
promotion, and stabilization of aggregates compared to plowed soils in Southern
Germany. Nonetheless, the decrease in the C mineralization in 10- 20 cm might be due to
lower organic carbon content and relatively smaller number of microbes as soil depth
increases. These results agree with the reports of Taylor et al. (2002), where reduced
activities of microbial and fungal were reported in deeper versus surface soil layers.
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Figure 3. Cumulative CO2 evolved at the end of 62 days of laboratory incubation for the different land uses and
soil depth. Bars are standard error of the mean (n=8). Similar letters above the vertical bars within
similar depth across land uses denote no significant differences at p<0.05. Upper case letters refer to
0- 10 cm and lower case letters refer to 10- 20 cm depths.

Carbon mineralization kinetics
Kinetic models used to describe soil carbon mineralization were presented in Table 1. In
the process of selecting the best model, some of the models showed lack of convergence
in most of the sites, land uses, and depths (models 5 and 6). Models 3 and 4 showed
higher values of the statistical parameters, but the values were smaller than those obtained
in model 1. Therefore, based on convergence, statistical parameters of the fitting, and the
significance of the estimated parameters, the first-order model [Ct = Co (1-e-kt)] was
selected for the experimental data. This kinetic model provided a good fit to C
mineralization with R2 ranging from 0.90 to 0.99 for all land uses and management
systems.
The first- order kinetic model used to describe the C mineralization process of soil
organic matter assumes that the microbial biomass is constant and the rate of
decomposition only depends on the available substrate. Many researchers have fitted C
mineralization data with first-order model (Dossa et al., 2009; Aulen et al., 2012).
Analysis with PROC MIXED showed significant interaction between land
use/management and soil depth for the Co, k, t1/2 and qCO2 parameters (Table 3). This
implies that the values of each parameter in each land use/management depended on the
depth of soil sampling (Table 3). In the surface layer (0-10 cm), significantly higher mean
values of Co were observed in grassland. However, this value was not significantly
different from mean value of Co observed in cropland.
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Potentially mineralizable carbon recorded in cropland and fallow land did not differ
statistically. Similarly, Co values that were recorded in Eucalyptus and limed land were
not statistically different from each other in both 0-10 and 10-20 cm soil depth. But it was
significantly lower than cropland and fallow land in 0- 10 cm depth. In 10-20 cm depth,
the lowest Co was observed in cropland, which was statistically different from grassland
and fallow land. Lower values of Co either suggest a lower activity of microbial
community or residues more difficult to decompose, due to a different chemical
composition. In general, microbial biomass carbon is commonly described as a living or
active pool in models that simulate organic C turnover in soils, and the size of this pool
directly affects the model outputs (Probert et al., 1998). Therefore, differences in SOC
and MBC could substantially contribute to the differences observed in the outputs of
carbon kinetic models in this study.
Table 3. Parameters of microbial mineralization activity of soils sampled from five land uses and two depths, estimated
according to first-order equation
Depth (cm)
0-10

10-20

LUM
Grassland
Cropland
Eucalyptus
Limed land
Fallow land
Grassland
Cropland
Eucalyptus
Limed land
Fallow land

Co (mg CO2-C
/kg soil)
1387.5A a
1339.2AB a
744.7BC a
523.0BC a
928.2B a
1325.3A a
453.6C b
706.6BC a
681.0BC a
950.4AB a

k (day-1)

t1/2 (day)

0.03411A a
0.01468C b
0.03302A a
0.03132AB a
0.02013BC a
0.03243A a
0.02914A a
0.02670AB a
0.02879A a
0.01605B a

20.7B a
67.0A a
22.4B a
23.1B a
37.9AB a
22.8C a
25.9BC b
28.7BC a
25.0BC a
56.2AB a

qCO2[(mg CO2-C h-1)
/g MBC]
1.06BC a
1.23BC a
1.13BC a
0.75C b
1.74AB b
1.26BC a
1.01C a
1.61BC a
1.99AB a
2.60A a

Note: Different upper case letters show significant differences in each depth between different land uses; different
lower case letters show significant differences in each land use between the two depths. LUM: land use and
management, Co: potentially mineralizable carbon, k: rate constant of carbon mineralization, t1/2: half- lifetime, qCO2:
metabolic quotient.

Rate constant (k) for C mineralization was significantly higher in soils of grasslands in 010 cm soil profile. However, it was not statistically different from soils of Eucalyptus and
limed land with similar depth. The k values observed in cropland in 0- 10 cm soil depth
were significantly lower than the other land uses/management systems studied. In 10- 20
cm soil profile, mean k values were similar in all land uses and management systems
except fallow land where the lowest mean value of k was recorded. However, k value
recorded in fallow land and Eucalyptus were not different. All values of k fell within
relatively narrow range except cropland and fallow. This implies that microbial
respiration and metabolized organic compounds are similar or have the same degree of
availability (Riffaldi et al., 1996; Alessandro et al., 2014), and no significant correlations
between k and both potentially and easily mineralizable, indicating that differences in k
values among soils cannot be attributed to differences in the relative sizes of the C pools
(Riffaldi et al., 1996). Cropland exhibited significantly higher values of t 1/2 as compared
to the other land uses and management systems in 0 -10 cm soil depth. However,
significant changes in t1/2 were not detected among grassland, Eucalyptus, limed land and
fallow land in 0-10 cm soil depth. In 10- 20 cm, fallow land recorded higher values of t1/2,
which was not statistically different from the other land uses except grassland. The half-
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life time observed in grassland was lower than the other land uses and management
systems. Half-life time is a more clearly interpretable parameter, where high levels are
associated with ecosystem stresses (Anderson and Domsch, 2010). Therefore, the higher
half-life time in fallow land and cropland indicates lower carbon mineralization rates.
Even though, higher contents of MBC and soil respiration generally indicate better soil
quality, these parameters do not always show the same change tendency. Thus, metabolic
quotient (qCO2) is used to evaluate the efficiency of soil microbial biomass in utilizing
the organic carbon compounds (Anderson and Domsch, 1990). In 0- 10 cm, the qCO2
observed in fallow land was higher than the other land uses and management system.
Higher values of qCO2 imply a higher requirement of maintenance energy or lower
metabolic efficiency in the utilization of both the native organic matter and the added
plant material. The mean value of qCO2 recorded in limed was comparable with the other
land uses except fallow land. Similar to 0- 10 cm, the qCO2 observed in fallow land in 020 cm was significantly higher than the other land uses and management system except
limed land. However, there was no evidence of significant differences among grassland,
cropland, and Eucalyptus in 10- 20 cm. In ecological terms, a high qCO2 reflects a high
maintenance carbon demand, and if the soil system cannot replenish the carbon which is
lost through respiration, microbial biomass must decline (Anderson and Domsch, 2010).
The lower qCO2 value observed in 0-10 cm soil depth indicate more stable ecosystems,
with greater efficiency of microorganisms to convert organic waste into microbial
biomass and with greater sustainability. Our results are consistent with results published
elsewhere (Gil-Sotres et al., 2005). Agricultural liming which is generally used to
overcome the problem of acidification, would result in higher abundance and diversity of
detritivorous soil fauna such as some species of earthworms (Bishop, 2003); contribute to
an improved organic matter decomposition and nutrient mineralization (Bradford et al.,
2002). Hence, the beneficial effect of liming was conspicuously observed by significantly
lowering the values of qCO2 only in 0- 10cm soil depth. However, the applied lime could
not change the qCO2 value in 10- 20 cm soil profile due to the fact that lime moves very
slowly in soil and its ameliorative effect is limited to the top few centimeters of the soil
profile. The qCO2 also indicates the changes in microbial activity between natural and
disturbed ecosystems more clearly (Islam and Weil, 2000). Hence, the relatively higher
qCO2 values observed in soils of fallow land in both depths and limed land in 10-20 cm
indicate greater stress of the microbial community compared to soils with more stable
ecosystems (Islam and Weil, 2000). Soil chemistry affecting substrate availability also
changes dramatically with depth. In this study, results of the carbon kinetics parameters
were significantly affected by depth of sampling in some of the land uses. Cropland
showed significantly higher mean values of Co and t1/2 in 0- 10 cm as compared to 10- 20
cm soil depth. In 0- 10 cm, mean values of qCO2 recorded in limed land and fallow land
were significantly lower than the values in 10-20 cm. Generally, soils of grassland and
Eucalyptus were not affected by depth of sampling relatively implying stable ecosystem
in these land use systems.
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Soil organic carbon, MBC, Ct and Co*k
Soils under grassland had significantly (p<0.001) higher SOC and MBC than the adjacent
cropland, Eucalyptus plantations, limed land and fallow land (Table 4). However, mean
values of SOC among cropland, Eucalyptus, limed land and fallow land did not show any
evidence of statistical difference. The lower levels of SOC in soils of these land
uses/management systems could be due to a combination of lower carbon inputs through
biomass return and greater C losses by soil erosion after tillage. Losses in soil C caused
by the conversion of natural vegetation to cultivated land is well documented. Cultivation
of land that was previously covered in perennial vegetation, SOC can be rapidly lost due
to enhanced C decomposition and erosion brought about by soil disturbance (Lal, 2005;
Van der Werf et al., 2009). Guo and Gifford (2002) conducted a meta-analysis of land-use
change experiments and showed that converting grassland to croplands caused significant
loss of SOC, whereas conversion of forestry to grassland did not result in SOC loss in all
cases.
The increased carbon content in grasslands suggests that grassland soil could serve as a C
sink in a given ecosystem. The fact that MBC declines with depth partly explains the
lower microbial activity in 10- 20 cm soil depth. Clay content controls availability of
exchangeable ions, and organic matter controls the abundance and availability of
dissolved and available sorbed organic nutrients, both decreases with depth (Konopka and
Turco, 1991).
Table 4. Soil organic carbon, MBC, Ct, Co*k as affected by land use and soil depth, with standard
error and p-values of ANOVA
LUM

SOC
[g/kg soil]

MBC
[mg/kg soil]
763.7a
342.6b
345.0b
335.7b
190.8c
35.25

Ct
[mg CO2-C
/kg soil]
614.3a
243.7bc
311.7b
255.7bc
224.1c
19.56

Co*k
[mg C-CO2
/kg soil day]
45.2a
15.6b
21.2b
18.6b
14.9b
1.63

Grassland
Cropland
Eucalyptus
Limed land
Fallow land
SE
Depth (D) (cm)
0- 10
10 -20
SE
ANOVA
LUM
D
LUM x D

43.6a
23.2b
24.5b
24.0b
23.2b
1.27
28.5
26.9
0.81

485.4a
305.8b
18.46

362.7a
297.1b
12.54

24.9a
21.3b
1.04

***
Ns
Ns

***
***
ns

***
***
ns

***
*
ns

Note: LUM= land use/management, SOC: organic carbon, MBC= microbial biomass carbon, Ct:
total carbon mineralized in 62 days, Co*k: initial potential rate of C mineralization, SE: standard
error, †Mean values with similar letters in each column indicate non-significant differences at
*p<0.05, ** p< 0.01, *** 0.001, ns = non-significant

The total amount of carbon mineralized in 62 days of incubation period in grassland was
significantly superior to the other land uses. However, Ct observed in fallow land was the
lowest, and was not different from cropland and limed land. Similarly, mean values of
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Co*k recorded in grassland was higher than the other land uses and management systems.
Statistically, cropland, Eucalyptus, limed land and fallow land did not differ from each
other in mean values of Co*k. As expected, Ct and Co*k were significantly higher in 0- 10
cm depth compared to 10- 20 cm. Because, higher values of SOC and MBC were
recorded in 0- 10 cm and these parameters have high association with Ct and Co*k. The
microbial activity decreased clearly with increasing depth in response to the decreasing
labile C pools (Agnelli et al., 2004).

Relationships between different soil variables
The ability of SOC to predict Co in 62-days was evaluated by sketching a linear regression
using eighty observations (Figure 4). Good fits of correlation between MBC or OC and C
mineralization parameters suggests that C mineralization depends on the MBC and OC
availability to microbial activity.
Figure 5 shows the relationship between qCO2 and MBC: SOC, where both soil biological
parameters are inversely related. The figure shows that higher values of qCO2 reflect
difficulties in the use of organic substrates by microbial biomass due to low levels of
MBC: SOC. Klose et al. (2004) also reported that a low MBC: SOC ratio indicates a
reduced pool of available carbon in soil.
Results clearly showed that soils that have values of MBC: SOC higher than 1.5% had
efficient microorganisms in utilizing the available substrates than soil with MBC: SOC
lower than 1.5%. The observed increase in the ratio of MBC: SOC in the grassland as
compared to other land uses might be due to lesser disturbances and the presence of
readily available C as compared to the other land uses. Powlson (1994) also reported
MBC to SOC ratio as an effective early warning of the improvement or deterioration of
soil quality.

Fig. 4. Linear regression between Co and SOC
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Fig. 5. Linear regression between qCO2 and MBC: SOC

Simple correlation coefficients (r) between some selected physical, chemical, and
microbiological parameters are presented in Table 5. Results demonstrated a clear
positive correlation between SOC and C mineralization parameters (Ct, Co, k and Co*k)
estimated according to first-order mineralization model. Similarly, these C mineralization
parameters had significant positive associations with MBC. However, both SOC and
MBC were negative correlated with t1/2 and qCO2. These findings are in agreement with
the findings of Beck et al. (1997) who reported significant correlations between the above
C-mineralization parameters with both SOC and MBC.
Good fits of correlation (r = 0.63, 0.43 and 0.62) were also found between TN, and Ct, Co
and Co*k respectively. Correlations between qCO2 and MBN was negative and
statistically significant (p<0.001). This might be due to high values of qCO2 that are
associated with soil degradation brought about by poor agricultural management practices
(Islam and Weil, 2000).
Table 5. Spearman correlation coefficients between C-mineralization parameters of the first order model and
some selected soil characteristics
Parameter
Ct
Co
K
Co*k
t1/2

Sand
ns
ns
0.274*
ns
-0.274*

Clay
0.294*
0.350*
ns
0.278*
ns

pH
0.370**
ns
0.404**
0.389**
-0.404**

SOC
0.659**
0.456**
0.330*
0.639**
-0.330*

TN
0.632**
0.431**
0.350*
0.618**
-0.350*

MBC
0.653**
0.384**
0.346*
0.586**
-0.346*

MBN
0.446**
0.307*
ns
0.353*
ns

qCO2
ns
0.241*
-0.390**
ns
ns
-0.668***
-0.651***
Note: Ct=total carbon mineralized in 62days, Co=potentially mineralizable C, k=C mineralization
rate, Co*K= initial potential rate of C mineralization, t1/2= half- life time SOC= soil organic carbon,
TN=total nitrogen, MBC= microbial biomass carbon, MBN= microbial biomass nitrogen, ns= nonsignificant, *p<0.05, **p<0.01 and ***p<0.001

Conclusions
The amounts of C mineralized during 62-days of soil incubation period were different in
different land uses and management systems. Grassland had higher C-CO2 mineralized
than adjacent cropland, Eucalyptus plantations, limed land and fallow lands, indicating
high rates of biological activity and C cycling relative to the land uses. Among six kinetic
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models tested, a first-order model [Ct = Co (1-e-kt)] provided a good fit to C mineralization
data with R2 ranging from 0.90 to 0.99. Land use change from grassland to other land
uses/management systems drastically decreased soil SOC and MBC. Grassland promoted
soil SOC accumulation and decomposition both in surface and subsurface soil compared
to cropland, Eucalyptus plantations, limed land and fallow land. Parameters estimated
according to first-order model like Co, Co*k and qCO2 were better discriminators among
different land uses and management systems. Hence, these parameters along with SOC
and MBC were sensitive to land use change, and could be considered as a good indicator
of soil quality change in the study area.
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