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ABSTRACT:

In the present paper a simple microcosm experiment set is reported in
which the carbon dioxide (CO;) and nitrogen oxides emission and some
factors as temperature, different mineral nitrogen (N) and organic N, and
carbon (C) sources influencing the gas production were investigated. The
headspace gas composition of closed glass vessels containing soil sample
was analysed by gas chromatographic and chemiluminescent methods. The
applied microcosm experimental model proved to be a suitable tool for
estimating the effect of factors affecting the CO,, NO and N,O release. The
rising temperature and C/N ratio of the organic C supply increased the
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greenhouse gas emission. The applied ammonium fertiliser also induced
more gas emission than nitrate fertiliser. The appearance of NO as an
intermediate in microbial transformations was observed as well.
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INTRODUCTION:

The extended application of manure, plant residues and fertilisers causes
agricultural and environmental problems. To a certain extent nutrients might
be utilised by soil microorganisms instead of plants resulting in greenhouse
gases which contribute to global climate change. Although there are several
anthropogenic greenhouse gas sources and it is important to study the
possibilities of reducing the emission originating from e.g. nitrogen fertiliser
industry (Cao, R., L et al.,.. 2021; A. Langarica-Fuentes et al. 2018) and
wastewater treatment plants (Préndez and Lara-Gonzalez, 2007), researchers
usually agree that besides fuel burning technologies, the main anthropogenic
source is agriculture (Mgrkved et al., 2006; Ruser et al., 2006). CO, is the
most important greenhouse gas considering its amount in air but the global
warming potential of nitrous oxide (N,O) is about 300 times that of CO,
(Koponen et al., 2004; Khalil et al., 2002; IPCC, 2001). The atmospheric
concentration of N,O has been increasing continuously at the rate of 0.2 %
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annually (Khalil et al., 2002) and the globally experienced climate change
induces more and more new surveys and simulation models (Calanca et al.,
2007; Levy et al., 2007) in which the greenhouse gas emitting processes, the
factors influencing them, the resulted global warming potential and the
possible mitigation strategies (Guo and Zhou, 2007; Liu, Y., et al., 2019) are
investigated. Soil microbial processes are presumed to contribute
significantly to the agricultural CO, emission. In the case of NO and N,O
emission, generally also microbial activities, namely nitrification and
denitrification, are considered to be the processes of primary importance.
Although the basic factors determining the rate of these microbial events are
soil moisture, temperature and C and N availability (Ma et al., 2007; Guo
and Zhou, 2007; Chu et al., 2017; Ruser et al., 2006), the effects of a lot of
other factors are studied comprehensively. Thus, besides basic climatic
conditions, soil properties (texture, organic matter content, bulk density,
porosity, infiltration rate, pH, etc.), microbial population density
(Kravchenko and Yu, 2006; Leiber-Sauheitl et al. 2015), the way of tillage
(Liu et al., 2020; Oorts et al., 2007) and fertilisation (Chu et al., 2017; Guo
and Zhou, 2007; Huang et al.; 2004), crop management (Guo and Zhou,
2007; Cheng et al., 2017; Chen et al., 2016) and even the presence or
absence of earthworms (Congreves, K. A. et al., 2019) and their selecting
and amplifying influences to microbial processes are investigated in field,
meso- and microcosm experiments. Though the effect of some determining
factors e.g. tillage cannot be studied in microcosm experiments, their
relatively low financial needs compared to field studies favour their
application in research projects (e.g. Markved et al., 2006; Ludwig et al.,
2006). Laboratory experiments make also possible the analysis of the
influence of different factors separately from each other, their investigation
in certain combinations and the repetition of the experiments under the same
conditions used earlier.

The microcosm experiment reported by the present paper was a part of
a three level agricultural experiment set in which field, mesocosm and
microcosm experiments were performed with the same cultivated soil.
(Debreczeni et al.,1997; Notas et al.,, 2002) to study the different
transformation processes of soil C-N cycles. Though the applied microcosm
system was quite simple, by its means it was possible to investigate the CO,,
NO and N,O emission of nitrification and denitrification origin mostly and
some factors such as temperature, different mineral N and organic N, and C
sources influencing the gas production of agricultural soil.
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During the experiments the headspace gas composition of closed glass
vessels containing soil sample was analysed. The CO, and N,O
concentrations of gas samples were analysed by gas chromatographic
methods and NO-content by means of chemiluminescent detection.

MATERIALS AND METHODS:

The microcosm experiment was conducted in glass vessels covered gas
tightly by silicone septa. A 200 g homogenised (<2 mm) slightly alkaline
solonchak arable land soil sample of low humus content were placed into the
vessels of 1200 cm®. The most important physical and chemical properties of
the soil are the next: pH (KCI): 7.55, total salt content: 0.08 %, CaCOs: 1.91
%, humus: 1.06 %, total organic C: 1.08 %, total N: 0.08 %, NH,"-N: 0.99 mg
(100g)*, NO;—N: 7.16 mg (100g) *, KO (AL"): 13.97 mg (100g) *, P,0s
(AL*): 84.68 mg (100g) *, density: 2.41 g cm™ and C/N ratio: 13.15. The soil
samples were treated by the addition of plant residue, manure and inorganic
N-sources singly or in combination form, as well at a moisture level of 60 %
water holding capacity. The treatments were applied in three replications.
The vessels were incubated in a laboratory thermostat in two experiment sets
at 28 °C and 37 °C temperature, respectively during 35 days. The most
important features of the treatments applied in the experiment performed in
2005 and 2006 are summarised in Table 1.

Label of treatments Meaning of treatments Treatments / Additives (doses)
C Control soil
Control soil amended ) 1
C+N1 with KNO; e KNOs: 500 kg N ha
Control soil amended ) a
C+N2 with NH,NO, e NH;NOs: 500 kg N ha
Control soil amended . i 1
R with plant residue e Maize straw: 0.5t ha
RNL Control soil, plant e KNO;3: 500 kg N ha™*
residue and KNO4 o Maize straw: 0.5t ha™
Control soil amended i 1
M with manure e Manure: 52t ha

Table 1. The most important features of the treatments applied in the
different xperiments.
During the experiments, N,O and CO, concentrations of gas samples
taken from the headspace of each vessel were determined regularly by gas
chromatographic method. A 250 — 250 ul gas sample was taken manually by

“ measured by the Ammonium-Lactate extraction method.
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gas tight Hamilton® syringes (See Figure 1.) and was injected from each
vessel to the HP 5890 Series II® gas chromatograph.
[ —

V:0.25 cm®

V: 1120 cm?®

V: 1200 cm?®

N/

200 g clay-elluviated
brown soil

Figure 1. The microcosm experimental system

Packed columns (Porapak Q) were used to separate the different
constituents of gas samples. Electron Capture Detector (ECD) and Thermal
Conductivity Detector (TCD) detected N,O and CO, concentrations,
respectively. The NO-content of the gas samples was analysed by the
chemiluminescent detector of Antek 7050 NO-analyser®. Each gas content
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was measured three times per day whenever measurements were carried out
using external standard and one point linear calibration.

RESULTS AND DISCUSSIONS:

The changes of the concentrations of the different measured gases plotted
against time can be seen in Figures 2. and 3. The horizontal axes represent
the time of incubation (Time) and the vertical axes denote gas concentration
(c). Vertical bars symbolise standard deviations.
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Figure 2.a. CO, gas concentration at 37 °C vs. time. Treatments are C, R,
M, C+N1 and C+N2. The meanings of the symbols are listed in Table 1.
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Figure 2.b. NO gas concentration at 37 °C vs. time. Treatments are C, R,
M, C+N1 and C+N2. The meanings of the symbols are listed in

Table 1.
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Figure 2.c. N,O gas concentration at 37 °C vs. time. Treatments are C,
R, M, C+N1 and C+N,. The meanings of the symbols are listed in
Table 1

In Figures 2. the temporal changes of greenhouse gas emission
affected by the application of different organic (R and M) and
inorganic fertilisers (N1 and N2) are represented. Considering the
shapes of the curves, it can be stated that maximums can be observed
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approximately on the 15" day of the experiments. In the case of the
NO and N,O production these maximums occur earlier i.e. on the 10™
day during N,O emission and even earlier for NO productions from
inorganic  fertiliser amended soil. In the latter cases the
microorganisms utilised the great amount of available mineral N faster
than in the soil samples containing organic additives, where the
mineralisation of the organic N-content needed some time, as well.

The higher available C amount (R and M) resulted in
significantly higher microbial activity and increased gas production of
denitrification and heterotrophic nitrification origin (Guo and Zhou,
2007). Although the amount of the applied plant residue was smaller
than the quantity of manure, the higher C/N ratio of the plant remnants
caused higher gas emission in treatment (R) than in (M).

Analysing the effect of the different types of inorganic N fertilisers,
it can be seen, that although the differences were not always
significant, usually increased gas emission from treatments containing
NH;" (N2), as well was observed compared to the gas production of
soil samples of equivalent N content of NO3 (N1) fertiliser origin.
This phenomenon might be explained by the occurrence of
nitrification at the given moisture level and the priming effect of
ammonium fertilisers (Stout, 1995).

—— C+N1/37 R/37 R+N1/37
—a—C+N1/28 ——R/28 —+—R+N1/28
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Figure 3.a. CO, gas concentration at 37 °C and 28 °C vs. time. Treatments
are R, C+N1 and R+N1. The meanings of the symbols are listed in
Table 1.
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Figure 3.b. NO gas concentration at 37 °C and 28 °C vs. time. Treatments
are R, C+N1 and R+N1. The meanings of the symbols are listed in
Table 1.
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Figure 3.c. N,O gas concentration at 37 °C and 28 °C vs. time. Treatments
are R, C+N1 and R+N1. The meanings of the symbols are listed in
Table 1.

In Figures 3. the temporal changes of greenhouse gas emission
affected by the application of organic (R) and inorganic (N1) fertilisers at
different incubation temperatures are represented. The shapes of the curves
correspond to those represented by Figures 2. The microbial activity
enhancing effect of temperature can be observed in all figures, i.e. the
increased microbial processes resulted in higher gas productions. A
temperature increase of approximately 10 °C caused 2-6 times higher gas
concentrations. The order of the maximal gas production originating from
the different treatments is approximately the same at both applied
temperature namely (R/37, R+N1/37), C+N1/37, R/28, (R+N1/28 and
C+N1/28). The gas emissions from the treatments whose symbols are in
parentheses do not differ from each other significantly. The above order can
be attributed to the increased available C content and higher C/N ratio which
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improve the microbial activity compared to the cases of lower C/N ratio in
only N amended treatments. The detected gas concentrations from the
different treatments indicate the determining role of C supply for microbial
processes which was more apparent in the reported experiments than the
effect of N supply. This experience is in agreement with the results of other
studies which also report the microbial activity raising effect of
decomposable organic C e.g. after drying and rewetting of soil (Ruser et al.,
2006) and freeze-thaw cycles (Mgrkved et al., 2006; Ludwig et al., 2006),
although Kravchenko et al. (2006) found that microbial life is stimulated by
C/N ratios below (<10) and above (>14) certain C/N ratio limits.
(Considering the standard deviations, it seems to be reasonable to presume
that in soils treated with organic C supply and at higher temperature, the
faster microbial processes caused faster changes in the gas productions
resulting in bigger standard deviations during the measurements. This
phenomenon could be observed mainly in the case of the production of the
more transient NO and N,O than it happened during the CO, emission.)

In conclusion, it can be stated that the applied simple microcosm
experimental model proved to be a suitable tool for estimating the effect of
factors influencing the CO,, NO and N,O release from agricultural soil. The
temporal changes of the gas production depended on the soil temperature,
the type of the applied mineral N and organic N, and C sources significantly.
From 28 °C to 37 °C, the rising temperature increased the microbial activity
of soil resulting in higher greenhouse gas emission. The appearance of NO
as an intermediate of microbial processes was observed as well. Comparing
the gas productions due to the effect of equivalent N-amount of KNO; and of
NH4NOs, higher gas concentrations were observed in the case of NH;NO;
than that of KNOs;. Smaller doses of plant residue caused higher gas
emission as a consequence of its higher C/N ratio than it was experienced in
the case of manure utilisation. Based on the result of the reported experiment
it can be stated that to reduce the greenhouse gas production of agricultural
origin and to ensure optimal C and N content and supply of cultivated soil,
organic fertilisers with lower C/N ratio and the co-application of organic
matter and N supplies are necessary mainly at warm regions to avoid high
gas loss of microbial origin.

In the case of future experiments, the development of the applied
microcosm model might be necessary for the measurement of short term
changes by this static approach or for the investigation of long term
tendencies by a dynamic system. This would also result in a better
correlation with the results of field experiments and by means of an
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improved experiment system, the effect of other factors such as water
supply, soil physical properties etc. might be studied as well.

REFERENCES

1-

2-

10-

A. Langarica-Fuentes et al. (2018) Effect of model root exudate on
denitrifier community dynamics and activity at different water-filled
pore space levels in a fertilised soil, Soil Biology and Biochemistry.
Calanca P, Vuichard N, Campbell C, Viovy N, Cozic A, Fuhrer J,
Soussana J-F. (2007). Simulating the fluxes of CO, and N,O in
European grasslands with the Pasture Simulation Model (PaSim).
Agriculture, Ecosystems & Environment 121: 164-174.

Cao, R., L. Chen, X. Hou, X. Lu, and H. Li. (2021). “Nitrogen Addition
Reduced Carbon Mineralization of Aggregates in Forest Soils but
Enhanced in Paddy Soils in South China.” Ecological Processes 10
doi:10.1186/s13717-021-00319-z.

Chu H, Hosen Y, Yagi K. (2017). NO, N,O, CH, and CO, fluxes in
winter barley field of Japanese Andisol as affected by N fertilizer
management. Soil Biology and Biochemistry 39: 330-339.

Congreves, K. A., T. Phan, and R. E. Farrell. (2019). “A New Look at
an Old Concept: Using N,O Isotopomers to Understand the
Relationship between Soil Moisture and N,O Production Pathways.”
Soil: 265-274. doi:10.5194/s0il-5-265-2019.

Guo J, Zhou C. (2007). Greenhouse gas emissions and mitigation
measures in  Chinese agroecosystems. Agricultural and Forest
Meteorology 142: 270-277.

H. Chen et al. (2016) Probing the biological sources of soil N,O
emissions by quantum cascade laser-based 15N isotopocule
analysis,Soil Biology and Biochemistry

Huang Y, Zou J, Zheng X, Wang Y, Xu X. (2004). Nitrous oxide
emissions as influenced by amendment of plant residues with different
C:N ratios. Soil Biology and Biochemistry 36: 973-981.

IPCC (2001): IPCC Third assessment report: climate change 2001. In:
Houghton, JT, Ding Y, Griggs DJ, Noguer M, van der Linden, PJ,
Xiaosu D, Eds. The Scientific Basis. Cambridge University Press, UK.
Technical Summary.

K. Leiber-Sauheitl et al. (2015), Sheep excreta cause no positive
priming of peat-derived CO, and N,O emissions, Soil Biology and
Biochemistry

£2024 rand —J oY) alaall 11 A ) axl) Cpaal) 28 dlaa



Adding Notrogen Fertilizers to yhe Soil Affects the Production...
S Yosof salih hamid ammar Mohamed ali ~ younes daw ezlit

11- Khalil MAK, Rasmussen RA, Shearer MJ. (2002). Atmospheric nitrous
oxide: patterns of global change during recent decades and centuries.
Chemosphere 47: 807-821.

12- Koponen HT, Flojt L, Martikainen PJ. (2004). Nitrous oxide emission
from agricultural soils at low temperatures: a laboratory microcosm
study. Soil Biology & Biochemistry 36: 757-766.

13- Kravchenko IK, Yu K. (2006). Relationship between major soil
properties and culturable microorganisms afecting CH, and N,O
dinamics in rice soils. Archives of Agronomy and Soil Science 52: 607-
615.

14- Levy PE, Mobbs DC, Jones SK, Milne R, Campbell C, Sutton MA.
(2007). Simulation of fluxes of greenhouse gases from European
grasslands using the DNDC model. Agriculture, Ecosystems &
Environment 121: 186-192.

15- Liu, D., H. Sun, X. Liao, J. Luo, S. Lindsey, J. Yuan, T. He, M. Zaman,
and W. Ding. (2020). “N,O and NO Emissions as Affected by the
Continuous Combined Application of Organic and Mineral N Fertilizer
to a Soil on the North China Plain:. doi 10.3390/agronomy10121965.

16- Liu XJ, Mosier AR, Halvorson AD, Reule CA, Zhang FS. (2020).
Dinitrogen and N,O emissions in arable soils: Effect of tillage, N source
and  soil moisture. Soil Biology and Biochemistry
doi:10.1016/j.s0ilbio.04.008.

17- Liu, Y., H. H. Ngo, W. Guo, L. Peng, D. Wang, and B. Ni. (2019). “The
Roles of Free Ammonia (FA) in Biological Wastewater Treatment
Processes: A Review.” Environment International 123: 10-19.
d0i:10.1016/j.envint.2018.11.039.

18- Ludwig B, Teepe R, de Gerenyu VL, Flessa H. (2006). CO, and N,O
emissions from gleyic soils in the Russian tundra and a German forest
during freeze-thaw periods—a microcosm study. Soil Biology and
Biochemistry 38: 3516-35109.

19- Ma WK, Schautz A, Fishback L-AE, Bedard-Haughn A, Farrell RE,
Siciliano SD. (2007). Assessing the potential of ammonia oxidizing
bacteria to produce nitrous oxide in soils of a high arctic lowland
ecosystem on Devon Island, Canada. Soil Biology and Biochemistry 39:
2001-2013.

20- Mgrkved PT, Dorsch P, Henriksen TM, Bakken LR. (2006). N,O
emissions and product ratios of nitrification and denitrification as
affected by freezing and thawing. Soil Biology and Biochemistry 38:
3411-3420.

£2024 rand —J oY) alaall 12 A ) axl) Cpaal) 28 dlaa




Adding Notrogen Fertilizers to yhe Soil Affects the Production...
Yosof salih hamid ammar Mohamed ali ~ younes daw ezlit

21- Notas, E.; Debreczeni, K.; Fischl, K.; Heltai, Gy. (2002).
Transformation of nitrogen fertilizers in greenhouse experiments.
Agrokem. 51: 147-156.

22- Oorts K, Merckx R, Gréhan E, Labreuche J, Nicolardot B. (2007).
Determinants of annual fluxes of CO, and N,O in long-term no-tillage
and conventional tillage systems in northern France. Soil and Tillage
Research doi: 10.1016/ j.still. 2006.12.002.

23- Préndez M, Lara-Gondalez S. (2007). Application of strategies for
sanitation management in wastewater treatment plants in order to
control/reduce greenhouse gas emissions. Journal of Environmental
Management Do0i:10.1016 / j.jenvman. 2007.03.041.

24- Ruser R, Flessa H, Russow R, Schmidt G, Buegger F, Munch JC.
(2006). Emission of N,O, N, and CO, from soil fertilized with nitrate:
effect of compaction, soil moisture and rewetting. Soil Biology and
Biochemistry 38: 263-274.

25- Y. Cheng et al. (2017) The quality and quantity of exogenous organic
carbon input control microbial NO 3 — immobilization: a meta-
analysis,Soil Biology and Biochemistry.

£2024 saamsd —Jg¥) alaal) 13 e glad) aaad) (il alhl) dlaa



