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Carbon mineralization is the phenomenon where organic carbon forms are
converted to carbon dioxide (CO2) which is then released to the surrounding
environment. Many factors can affect carbon mineralization such as drought
conditions and organic material compositing stage. This experiment aims to
investigate the effect of different manure application levels in addition to
different water availability levels on CO2 mineralization in calcareous soil over
time. For this purpose, different mixed manure inputs of (0%, 5%, and 10%)
were added to airily dried calcareous soil samples and different water
availability levels (40%, 50%, and 60%) were applied. CO 2 emissions were then
monitored during an incubation period of 65 days 30 ±2 ○C.The results showed
that by increasing organic matter input, CO2 fluxes were increased during the
incubation period to reach 198.55 mg/100g soil in 10% organic matter
treatments after 50 days of incubation. Water availability appeared to have
little to no influence over CO2 emissions within the chosen experimental ranges.
Furthermore, response surface model contours and fitted means factorial
interaction plots of CO2 emissions showed that the added organic matter
underwent a severe mineralization activity since the first day of incubation.
These results refer to the high carbon mineralization rates in calcareous soils
under dry conditions, and the increased CO2 emissions by increasing manure
inputs refer to the importance of using more stable composted material rather
than higher organic material inputs in this type of soil.

1. Introduction
Greenhouse gasses (GHGs) are mainly Methane (CH4), Carbon dioxide (CO2), and nitrous oxide (N2O) gases that escape
as a result of different activities and form a trapping layer for the omitted earth infrared radiation resulting in a
warmer climate. The energy production sector holds the main share of GHGs emissions with 66.5% of the total
generated GHGs, while on the other hand, agricultural production processes contribute with 13.5% of the total
emitted GHGs [1]. Although soil with its organisms is considered a fundamental CO 2 reservoir; it was reported that
35%, 47%, and 53% of the total agricultural CO2, CH4, and N2O emissions respectively are soil originated [2].
Therefore, with the international relentless pursuit to cut on GHGs emissions including those induced by agricultural
practices, more studies are required to monitor GHGs fluxes of different agricultural production phases and under
different conditions [3]
The organic matter is one of the main soil components and it contributes to improving the physical, chemical, fertile
and biological characteristics of the soil. Organic matter is a mixture of plants, animals and microorganisms residues
in different states of decomposition and stability. The organic substance in the soil was classified according to the
degree of decomposition into easily decomposing forms such as simple sugars and proteins; slow decomposing
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compounds such as cellulose And hemicellulose; and difficult to decompose such as lignins, waxes, chitin, and multiple
phenols. Soils differ in their organic matter content depending on vegetation, climate, and agricultural exploitation; as
this content is less than 0.1% in desert soils and 100% in peat soils [4].
Carbon mineralization is the process where organic carbon is converted into carbon dioxide (CO 2) under the effect of
soil microorganisms [5][6][7]. This phenomenon not only constantly minimizes the organic matter content in the soil
but also imposes great hazards to the environment taking into consideration the huge amounts of CO 2 escaping to the
atmosphere especially under drought conditions and poor soil structure [8]. One of the most common methods for
estimating the organic decomposition in the soil is measuring the amount of carbon dioxide released from organic
matter during an incubation period and under standard conditions [9][10]. All the organic matter that is added to the
soil undergoes a breakdown process by soil organisms and then respires as CO 2 while the rest of it is synthesized into
other more stable forms as it is reported that 60-80% of the remaining stabilized organic matter is humus [11].
Water stress occurs as a result of soil water availability shortages, resulting in plant growth disruption and an overall
production decrease [12]. Various methods have been used to induce efficient tolerance to water stress and to
enhance nutrients availability under water stress conditions such as the use of beneficial microorganisms; the
addition of organic matter and nutrients; the use of chemicals such as proline, silicon, and Osmoprotectants [13].
Although organic matter plays a vital role in enhancing chemical and physical properties in soils including water
stress tolerance, the fast mineralization of organic material under dry conditions is considered a major environmental
setback [14]. Therefore, this study aimed to investigate the effects of different amounts of organic manure inputs
under different levels of water stresses on CO2 emissions over time.

2. Materials and Methods
2.1. Soil and manure properties

Table 1. The chemical and physical characteristics of the soil used in
the experiment

Soil and manure mixture (cows, sheep and
poultry manure mixture 1: 1: 1) chemical and
physical properties were determined by the
methods provided in [15] and the results of the
analysis are shown in (Table 1 and 2)
respectively.

Characteristics
pH (1: 1)
Electrical Conductivity EC (1: 1)
Organic matter (OM)
Carbonate minerals
Gypsum
Cation exchange capacity (CEC)
Calcium
Magnesium
Sodium
Concentration
Potassium
of dissolved
Chloride
ions
Sulfate
Carbonate
Bicarbonate
Nitrogen
Phosphorus
Potassium
Available
nutrients
Iron
Zinc
Manganese
Sand
Soil texture
Silt
Clay
Bulk density
Field capacity
Physical
characteristics permanent wilting point
available water capacity

2.2. Experimental materials and levels
The soil was aerially dried and 100 g samples
were weighed. Three levels of manure (0, 5, and
10% of the soil weight) were applied. The added
manure was then mixed well with the soil and
the formed mixtures were then transferred to
plastic bottles with airtight septa. After that,
three levels of water stress were applied by
adding different amounts of water (40, 50 and
60% plant-available water capacity). The bottles
were then incubated under a temperature of 30
±2 ○C for a period of 65days, and the amount of
carbon dioxide released from the soil was
estimated after 0, 2, 5, 7, 13, 16, 31, 50, and 65
days of incubation. The lost water was
compensated by registering the weights of the
bottles and adding water according to the loss in
weight. Experiment levels are shown in (Table
3).
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Value
7.56
3.13
1.8
20.35
0.52
25.1
8.38
6.01
4.95
0.45
12.01
7.7
4.75
34.16
12.59
160.97
2.72
1.82
2.8
16
52
32
1.4
0.39
0.17
0.22

Unit
dS m-1
%
cmol+ kg-1

mmol L-1

mg kg-1

%
g cm-3
cm3 cm-3
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2.2. Released CO2 measurement
Released CO2 was estimated based on [16] method. 20 mL of
sodium hydroxide (1 N) was added to the air-tight bottles used
in the experiment through the bottle’s septum, as CO2 reacts
with sodium hydroxide and produces sodium carbonate. Then,
by adding drops of barium chloride solution 50% to form
barium carbonate as seen in the following equations:

Table 2. The chemical and physical characteristics of
the organic fertilizer mixture used in the experiment

Characteristics

Value

Organic carbon

310

Total phosphorus

12.33

Total nitrogen

19.3

Total potassium

18.34

C/N

16.1

NaCO3 + BaCl → 2NaCl + BaCO3↓

Total iron

388.4

After that, the formed barium carbonate was titrated against
0.5 N of hydrochloric acid, using phenolphthalein as a reaction
endpoint indicator. CO2 was then estimated using the following
equation:

Total zinc

233.1

Total manganese

284.5

Calcium

10

magnesium

5

Released CO2 mg/100 g soil = (B-V) NE

Humic acids

1.63

Fulvic acids

0.196

Humin

6.831

Organic matter

53.44

Electrical Conductivity 5:1

30.25

dS m-1

pH 5:1

6.94

-

Density

0.43

g cm-3

2NaOH + CO2 → NaCO3 + H2O

When B: Volume of the acid consumed (ml) in control titration.
V: Volume of the acid consumed (ml) in treatment titration.
N: Hydrochloric acid normality
E: the equivalent weight of CO2 (22 g)

Unit

g kg-1

mg kg-1

mmol L-1

%

Table 3. Experiment levels in regards to the added organic matter and the applied water stress

Organic fertilization levels

Water stress levels

Amount

Symbol

Amount

Symbol

Without organic matter (Control)

M0

40% of available water

S1

5% Organic matter

M1

50% of available water

S2

10% Organic matter

M2

60% of available water

S3

2.3. Statistical analysis
The experiment was carried out in a completely randomized experimental design with three replicates for each
treatment at each evaluation. Means were compared using Tukey’s least significant difference (LSD) test at a
confidence level of p=0.05. Mean CO2 fluxes heat map was constructed using GraphPad Prism 7 software. Contour
plotting for CO2 emissions and response surface analysis was carried out using Minitab 19 software.

3. Results and Discussion
Results have shown a significant increase in CO2 emissions after 13 days of incubation and another increase was
observed after 31 days even in control treatments without organic material additions (M0) and under all water stress
conditions; however, CO2 emissions in both 5% (M1) and 10% (M2) treatment were significantly higher than those of
(M0) treatment and under all water availability treatments (S1, S2, and S3) with no significant differences in CO 2
levels between (M1) and (M2) (Fig. 1). These observations in M0 treatments are contributed to carbon mineralization
in the already existed organic material in soil samples (Table 1) and the almost instantaneous increase in both (M1)
and (M2) treatments (2-5 days after incubation) along with the additional increase later are attributed to the added
manure. These results are similar to those obtained by [17] who reported that the addition of composted dairy
manure caused a sudden increase in carbon mineralization mainly originated from the already present organic
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matter. The highest observations were noticed in M2S2 treatment with CO2 emission of 198.55 mg/100 g soil. The
increasing trend in CO2 emissions after organic matter application and overtime was previously reported by [18-22].

Figure 1. CO2 emissions in calcareous saline soil under different organic material and water availability
inputs through 65 days of incubation. M0,M1, and M2 refer to different organic material inputs (0, 5, and 10
%); S1, S2, and S3 refer to different available water content (40, 50, and 60 %). Tukey’s LSD = 23.3 at p=0.05.

By fitting the data into a response surface design, original CO 2 flux data contour plots (Fig 2. A, B, and C) showed high
similarity to those of response surface contour plots (Fig. 2 D, E, and F). Evaluation day and organic matter interaction
contour plot (Fig. 2 A) illustrated that regardless of water availability, soil underwent two sharp peaks of CO 2
emissions with M1 treatments one of which after 30 days of incubation and the other after 60 days. On the other hand,
those two peaks were substituted with a plateau of CO 2 emission under M2 treatments while no sharp flux was
noticed under M0 treatments (Fig. 2 A). However, response surface analysis showed that CO 2 flux plateau extended to
include M0 treatment after 50 days of incubation (Fig. 2 D). Fixing the manure input has shown a similar C
mineralization behavior between all three water availability treatments (S1, S2, and S3) throughout incubation period
with a CO2flux lower than 175 mg/100g soil during the first 30 days of incubation and higher during the following
days (Fig. 2 B and E). Interestingly, the relation between different organic material and available water levels was less
complicated with only three grades contour plot (Fig. 2 C). CO 2 fluxes appeared to decrease either by decreasing
organic matter input (M0) or by increasing water availability (S3) while on the other hand, the highest emission levels
were observed with high organic matter and low available water treatments (Fig. 2 C and F). The increased CO2 fluxes
observed when higher levels of organic matter were applied (Fig. 2 A and D) were also reported by [23] who observed
an increase in CO2 emissions by increasing compost input of different sources; however, our results showed an even
more increase throughout time which is contributed to the used manure in the current experiment which had much
less composting stable profile.

39

DYSONA – Applied Science 1 (2020) 36-42

Mouhamad et al.

Figure 2. Contour plotting for CO2 emissions in calcareous saline soil under different organic matter inputs
and during the incubation period (A and D); different water availability and during the incubation period (B
and E); and different organic material and water availability inputs (C and F). (A, B, and C) represent raw
data contour plotting while (D, E, and F) represent response surface contour plotting

Fitted means factorial interaction plots of CO2 emissions were obtained (Fig. 3). Organic matter and water availability
interaction plot showed that different levels of water availability had an almost identical CO 2 flux (Fig. 3 A).
Furthermore, water availability and evaluation day interaction plot showed that different water levels had no effect on
CO2 emission for the same evaluation period (Fig. 3 C). These observations indicated that there was little to no effect
contributed to water availability levels (S1, S2, and S3) on CO 2 flux within the different other dimensions of the model
(time and added organic material). Water availability treatments used in the current experiment (40%, 50%, and
60%) did not induce significant differences in CO2 fluxes under experiment condition; however, it was previously
reported that increasing water levels to reach 100% of field capacity had significantly increased CO 2 emissions when
compared to CO2 fluxes under 70% of field capacity after 90 days of compost application for both sand and silt-clay
soils [8]. Furthermore, [19] previously reported a dramatic increase in CO 2 fluxes after re-wetting dry soils of high
organic content. An increasing trend in CO2 emissions by increasing manure input was observed directly after organic
material application (day 0) as can be seen in (Fig. 3 B) and the most dramatic increase in CO2 fluxes was observed
during the first month of incubation(Fig. 3 B and C) which is similar to [17]. Therefore, to increase the stability of
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organic matter in dry soils, more stable organic
sources rather than higher organic matter inputs
should be used [18][23-25].

4. Conclusions
It is obvious that CO2 emissions in calcareous soil
due to organic matter mineralization under drought
conditions are already high and increase throughout
time. Additionally, CO2 fluxes increase by increasing
manure inputs and this increase is more dramatic
during the first 30 days of application regardless of
water availability conditions. These results refer to
the importance of using more stable composted
material rather than higher organic material inputs
in this type of soil.

Figure 3. Fitted means factorial interaction plots of CO2 fluxes in
calcareous saline soils. (A) represents organic matter and water
availability interaction; (B) represents organic matter and
incubation period interaction; and (C) represents water availability
and incubation period interaction
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