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Effect of soil aggregate on nitrous oxide production from

different soils
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Introduction

In the last few decades there has been an increase in the emission of greenhouse gases (GHGs,
carbon dioxide (CO,), methane (CH,) and nitrous oxide (N,0). Soil is an important source and sink of
GHGs. Properties and environmental factors of soil such as moisture content, temperature, pH, organic
matter, O, status and the capacity of soil to supply available N, influence N,O release from soil. Soil
aggregates play an important role in both water retentivity and permeability, which influence biological
processes. Managed grasslands are major contributors to the biosphere—atmosphere exchange of these
three gases, with fluxes closely linked to management practices and soil types. Moreover, manure
application increase GHGs especially N;O has also been reported. Therefore, the present study of
laboratory incubation was carried out to determine the effect of aggregate size, moisture content,
fertilizer management on N,O and CO; production in three grassland soils with different texture.

Materials and Methods

Soil samples were taken from the mineral soil layer (just below the root mat) in the thickness of about
10 cm in three grasslands of Shizunai, Shintoku and Hamatonbetsu. Shizunai soil was a volcanogeneous
sandy soil and was sampled from both chemical fertilizer and manure applied fields. Shintoku soil was
a volcanogeneous light clay soil and was sampled from mainly chemical fertilizer applied field.
Hamatonbetsu soil was a grey upland clay loam soil and was sampled from also mainly chemical
fertilizer applied field. After air dry of those soil samples, they were gently ground by hand to pass
through a sieve, aggregate samples with the sizes of 2mm and 4.5mm were prepared. A 20 g dry basis
soil sample, after adjusting the soil moisture content of 60% and 80% of field water capacity (FWC),
was loosely packed in an 80 ml plastic cup into a 1.8 L of Mason jar. The jar was sealed tightly and
incubated at 20 °C for 24 hours, Air samples were taken from the head space of the jar and
concentrations of CO;, NoO and nitric oxide (NO) were analyzed by an infra-red CO, analyzer, a gas
chromatograph with ECD and NOx analyzer, respectively. NO was measured, because N,O-N/NO-N is
an indicator of nitrification and denitrification. Production rate of each gas was calculated from the
difference between initial and final gas concentrations in the 24 hour incubation. Inifial gas
concentration was measured just before incubation using a blank jar. Incubation was conducted for 9
days at three replicates. Before and after incubation, the concentrations of water extractable organic
carbon (WEOC), NH,"-N and NO5™-N and soil pH, total C and total N were analyzed. Soil microbial
biomass C (MBC) before incubation and potential denitrification enzyme activity (DEA) after
incubation were also analyzed. All analyses were conducted with three replicates. N mineralization and
WEOC consumption were estimated from the difference of concentrations of mineral N and WEOC
between before and after incubation, respectively.

Results and Discussion

1) In all samples, chemical properties, especially WEOC and NH,'-N, changed immediately after
adding the water, and this situation continued throughout the incubation process. Following the start of
incubation, a flush of N;O was observed, and similar flushes of CO, and NO were observed. Coarse
textured Shizunai soil showed larger change in chemical properties and the flushes of the gases
compared to the fine textured Shintoku and Hamatonbetsu soils.

2) Larger aggregates of all soils showed higher values of chemical properties, especially WEOC, MBC,
NH,*-N and NO;-N, and higher productions of N;O, CO, and NO compared to smaller aggregates. The
higher amount of MBC in larger aggregates induced higher decomposition of organic matter, resulting
in greater N;O, CO, and NO productions, WEQC consumption arid N mineralization. .

- 311 -



3) There was a tendency that soils in higher moisture content showed much higher chemical properties
and much higher gases productions. MBC and DEA were enhanced by higher moisture, leading
increase of WEOC consumption. There was no significant difference in N mineralization between
moisture contents in fine textured soils, while in coarse aggregated soils, higher soil moisture stimulated
N mineralization significantly.

4) Increase of NO; -N content after incubation indicates that the consumption of NO; -N by
denitrification was slower than the production of NOs -N from nitrification. Comparing among the
chemical fertilizer applied soils, NH;"-N increased in all the soils, but the tendency of change in NO;'-
N was different among three soils. Regardless of soil moisture, NO; -N decreased in coarse textured
Shizunai soil, while NO; -N increased in fine textured Hmatonbetsu soil. In case of finest textured
Shintoku soil, NO5-N decreased in 60% of FWC, but NO5 -N increased in 80% of FWC. It seemed that
increase of moisture content stimulated nitrification in fine textured soil.

5) Manure application stimulated N,O, CO, and NO productions, WEOC consumption and N
mineralization significantly. In the manure applied Shizunai soil, NH;-N and NO5 -N increased during
the incubation, while NH,"-N increased but NO; -N decreased in the chemical fertilizer applied soil.
Manure application stimulated nitrification, leading more denitrification.

6) Microbial biomass carbon was higher in fine textured soil. Coarse textured Shizunai soil showed that
MBC correlated with N mineralization, WEOC consumption and DEA significantly. This suggests that
the suitable aeration of this coarse textured soil enhanced organic matter decomposition, and the soil
was able to quickly develop the condition suitable for denitrification after moistening. These led that the
soil produced more N,O immediately compared to other fine textured soils. On the other hand, in fine
textured Shintoku and Hamatonbetsu soils, MBC did not correlated with N mineralization, although
MBC correlated with WEOC consumption and DEA significantly. This suggests that the fine textured
soils could not produce enough NOy™-N for denitrification due to poor aeration of the soils in spite of
high content of MBC. Furthermore, fine textured soils made the diffusion speed of NO,™-N slow. Those
reduced N,O production.

7) Fine textured soils and coarse textured soil with lower soil moisture showed that CO, production was
greater than WEOC consumption. This indicated that WEOC was consumed by mainly decomposition.
The coarse textured soil in 80 % of FWC showed greater WEOC consumption than CO; production
and greater aggregate size stimulated it. This indicated that WEOC was consumed not only by
decomposition but also by assimilation. These findings suggest that microbial activity and biomass
increased in the condition of well acration and higher moisture, leading well N transformation but high
N;O production.

8) The process (nitrification/ denitrification) of N,O production during incubation were different among
these soils. It is well known that N,O-N/NO-N ratio is less than 1 in nitrification, while the ratio is
greater than 100 in denitrification. In fine textured Shintoku and Hamatonbetsu soil, N;O-N/NO-N ratio
mostly ranged between 0.01-1 in 60% of FWC and 1- 100 in 80 % of FWC and the N,O production rate
‘increased with an increase of N;O-N/NO-N ratio from 0.01 to 1 in 60% of FWC and with a decrease of
the ratio from 100 to 1. These findings indicated that the N;O production was derived from mainly
nitrification. On the other hand, in the coarse textured Shizunai, N;O-N/NO-N ratio ranged between 1-
100 in both 60% and 80 % of FWC. However, the relationship between the ratio and N,O production
rate was different. In the 60 % of FWC, the N;O production rate increased with a decrease of N,O-
N/NO-N ratio, indication the process was mainly nitrification. In the 80 % of FWC, the N,O production
rate increased with an increase of N,O-N/NO-N ratio, indicating the process was mainly denitrification.

Conclusion
" This study revealed that 1)Larger aggregate and higher moisture content produced more N,O, CO; and
NO production; 2) Moistening induced strong effect on the flushes of the gases; 3) Soil texture
determining pore size distribution was significant controlling factor for gases productions; which
regulates aeration (O, diffusion), affecting microbial biomass and activities as organic matter
decomposition, nitrification and denitrification; 4) Coarse textured soil with high moisture produced
more N0 through denitrification compared to fine textured soil, however, it produced more mineral N,
CO, and consumed more WEOC; 5) Larger aggregate and manure application enhanced them.
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