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Abstract:

(1) A laboratory experiment was performed to evaluate the effectiveness of altering the form of applied
fertilizer nitrogen and/or the use of controlled-release fertilizers in reducing emissions of nitrous oxide
(N,O) from an upland Japanese soil incubated in the laboratory for 50 days at 25 °C. Nitrification
appeared to be the main source of N,O with much greater emissions from ammonium sulphate (AS)
than from calcium nitrate (CN). Applying ammonium sulphate or ammonium phosphate in the from of
ControHed release fertilizers (S-AS and S-AP) reduced emissions in the 40% and 85% wips treatments
compared with normal AS, but at 55% wips there was no difference while at 70% only the S-AS
treatment was significantly lower. The results demonstrate that, at least under conditions similarly
conducive to nitrification, the selective use of nitrate fertilizer, especially in a controlled release form can
greatly reduce potential emissions of N,O from agricultural soil.

(2) A field experiment on N,0O and NO emission was performed in agricultural plots where Hakusai
was cultivated, applying organic fertilizer (swine ~manure) and chemical fertilizer (ammonium
phosphate) in two different ways, ie. by broadcasting and band application. The measurements were



carried out from the day prior to fertilizer ‘application until one month after harvest. A number of soil
parameters like pH, soil moisture, soil temperature, soil ammonium and soil nitrate have also been
measured. The experiment resulted in 51gmﬁcantly reduced NO emissions in both band applied organic
and chemical fertilizer plots. The' N O emissions also seemed to be retarded in band applied chemical
fertilizer plot compared to the broadcast applied chemical fertilizer plots. However, in organic fertiliser
plots, N,O emission was hlgher in’ band applied organic fertilizer plot than in that of broadcast applied
organic fertilizer plot. The soil moisture also seems to have affected the N,O and NO emissions.

Keywords: nitrous oxide, nitric oxide, apphcatlon method of fertilizer, controlled-release fertlhzer
reduction of emission

1. Introduction:

Nitrous oxide (N,O) makes a sngmﬁcant contribution to global change. It is a “greenhouse gas”,
accounting for approximately 5% of the total greenhouse effect’ and it is also involved in the
destruction of stratospheric ozone. Soils are the major source of N,O, accounting for 65% of total global
emissions? the microbial processes of nitrification and denitrification are responsible, and emissions
increase with increasing availability of NH," and NO substrates, e.g. following the application of
fertiliser nitrogen. ‘ 3

Nitric oxide (NO) in the atmosphere is an another important constituent of global nitrogen cycle
and soil is among the major sourcessof it’s emission into the atmosphere. Nitric oxide has a short
residence time in the atmosphere but, has a significant bearing in the atmospheric chemistry. It is a
precursor of tropospheric ozone, which is a greenhouse gas and has deleterious effects on human and
vegetation. The same microbial activities are tesponsible for the production of NO in the soil.

2. Objectives: ‘
2.1 Effects of the use of different forms of fertiliser N on N,O emission

The aims of this laboratory study were to determine the effect of varying the form of nitrogen
applied to a local Japanese andosol soﬂ under a range of moisture conditions likely to favour either
nitrification or denitrification. In add1t10n NH,-N and NO,-N were applied in easily soluble and
controlled release fertiliser forms to mvestlgate whether N,O emissions can be reduced by controlhng
the release of mineral nitrogen to the soﬂ, and whether the emissions of N,O from controlled release
fertiliser are also significantly influenced by soil moisture. '
2.2 Effects of different application mbdes ot‘ orgamc and chemlcal fertlllzers to agncultural ﬁelds |

on N,O and NO emissions =~ | :

+ The modification in agncu]tural practices 'can also be a potential abatement technology for
reduction of N,O emissions, however, thrs optlon has not been addressed so far sufficiently. The purpose
of this field study is to make clear the effects of dlfferent application modes of organic and chemlca]
fertlhzers in agrrcultural ﬁeld on N O and NO emlssmns -

| " N | Cd -
3. Effects of the use of different forms of fertlhser N on N;O emission
3. 1 Matenals and Methods ‘

" An upland andosol soil was " collected fﬁ'o’rh‘ a field site at the National Institute of Agro-

Environmental Sciences in ‘Tsuktiba, Japan.'A bulk ‘sample from the surface 15 cm of this soil was
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sieved (2-mm mesh) and air-dried before storage at 5°C until needed. The following six fertiliser
nitrogen treatments were studied: three “Nutricote Type 40" controlled-release fertilisers with the
nitrogen in the form of ammonium sulphate (S-AS), ammonium phosphate (S-AP) and calcium nitrate
(S-CN) [Chisso Asahi Co. Ltd. Tokyo, Japan], also easily soluble ammonium sulphate (AS) and
calcium nitrate (CN) and an unfertilised control (ZR). The “Type 40” controlled-release fertilisers means
that at a constant temperature of 25 °C 80% of the applied nitrogen will be released over 40 days. Each
treatment was studied at 4 moisture contents corresponding to soil water filled pore space (wips) values
of 40%, 55%, 70% and 85%, with a total of 15 replicate samples for each treatment. Due to the large
number of samples the incubation experiment was carried out in two batches; in the first run soils were
incubated at 40% and 70% water-filled pore space (wips), followed by a second run with soils
incubated at 50% and 85% wifps. Al soils were incubated at 25°C for 50 days, to allow a calculated
release of approximately 90% of the total nitrogen applied in the 3 controlled-release fertiliser
treatments. Gas samples were taken from the headspace of each of 3 replicate flasks every 3-4 days and
analysd for N,O by electron capture gas chromatography (all treatments) and for CO, by thermal
conductivity gas chromatography (55% and 85% wips only). Periodic measurements were made on 3
replicate samples for soil moisture, soil mineral N (by continuous flow colorimetric analysis) and soil
PH (., With samples then discarded. A more detailed account of the experimental procedure has been
reported elsewhere?.

3.2 Results and Discussion
(1) Effect of fertiliser form and soil moisture on cumulative N,O emissions

Emissions from the controlled-release ammonium fertilisers (S-AS and S-AP) were similar except at
70% wips where emissions from S-AP were higher. The use of these two controlled-release fertilisers
reduced emissions compared with those from the easily soluble NH,-N treatment (AS) at 40% and 85%
wips. At 70% wips only S-AS was significantly lower, while there was no difference at 55% wips.
Emissions from CN and S-CN were low, never significantly higher than ZR, except CN at 85% wips.
This indicated that nitrification was the main source of emissions. Also the period of high N,O
emissions from AS matched the time required to complete the nitrification of the applied NH,-N (see
section 3. 2. (3)) also indicating nitrification as the main source of emissions.

(2) Changes in emissions of N,O with time

More than 90% of all N,O emissions from AS occurred in the first 17 days, before emissions declined
rapidly to near background levels (Figure 2a). Maximum emission rates at 70% and 85% wips were >7
times higher than those at 55% wips. There was a similar rapid increase in emissions with CN, but only
at 85% wips. In all the fertiliser treatments at 85% wips there was an initial rapid increase in N,0
emissions, including the unfertilised control (ZR), indicating that some emissions were derived from
mineral nitrogen already present in the soil at the start of the experiment. Only in AS and CN, where
casily soluble N was immediately available, were the emissions significantly higher than from ZR. With
the exception of the initial peak at 85% wips, emissions from S-AS and S-AP increased steadily over
time reaching a maximum after 14-17 days (Figure 2c, d). Emissions then declined, but more slowly
than in AS, with significant emissions occurring until at least day 30 in all treatments, except for 40%
wips where emissions remained low throughout. The use of S-AS and S-AP reduced the rate of
maximum emissions and also tended to delay it for a few days. However, particularly at 55% wips, it
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Figure 1. Cumulative emissions of N,O 49 days after the application of different forms of fertiliser
nitrogen to an upland soil under different soil moisture conditions; S-AS: controlled-release ammonium
sulphate, S-AP: controlled-release ammonium phosphate, S-CN: controlled-release calcium nitrate, AS:
ammonium sulphate, CN: calcium nitrate, ZR: unfertilised control, wips: water filled pore space (Note
break in y-axis and change of scale).

appeared that as the NH,-N was released into the soil it was quickly nitrified and therefore the
cumulative flux over the whole period was not reduced.

Tsuruta® reported that controlled-release urea reduced emissions of N,O by 25% compared with
normal urea. However, apart from an initial high flux immediately after fertiliser application, Tsuruta
reported that emissions from normal urea were no higher than from controlled-release urea. Other
results showing a similar pattern have found no reduction in total N,O emissions after applying
controlled-release urea”.

Emissions from S-CN followed a similar pattern to S-AS and S-AP at 85% wips, but at a much
lower rate; at all other moistures the emissions remained very low. The lowest total emission rate was
from S-CN where all the applied N was in the form of NO,-N. Therefore by minimising the NH,-N
substrate available to microbial nitrifiers emissions were reduced by 90% compared with those from AS.
This reduction was maintained even at 85% wips, where some denitrification might have been expected.
It was only at 85% wips that emissions from CN were significantly higher than from S-CN, due almost
entirely to the initial brief period of high emissions. The high emissions in the CN treatment indicated
that some denitrification did occur, but by using S-CN such emissions were reduced due to the
controlled release of the applied N. Tsuruta et al”, Minami” reported that the use of S-CN reduced
emissions by nearly 80% compared with AS, mainly by preventing large peaks in emissions
immediately after fertiliser application.
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Figure 2. Daily emissions of N,O following the application of different forms of fertiliser nitrogen to
an upland soil under different soil moisture conditions; (2) ammonjum sulphate, (b) calcium nitrate, (c)
controlled release ammonium sulphate, (d) controlled release ammonium phosphate, (€) controlled
release calcium nitrate, (f) unfertilised control. (Note different scales on y-axes).

(3) Soil mineral nitrogen
Nitrification in AS rapidly converted all applied NH,-N to NO,-N except at 40% wips where

complete nitrification was delayed by more than one week longer (Figure 3). The release of mineral
nitrogen from S-AS and S-AP increased steadily with time at all moisture contents, but the rate was
slower at 40% wips. The percentage of released N which was nitrified at 40% wips increased gradually
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Figure 3. Changes in soil mineral nitrogen over 50 days following the application of ammonium
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symbols represent ammonium-N).

with time reaching around 70% of the released NH,~N by day 50 compared with values of over 90% by
day 29 in the other moisture treatments. The release of NO,-N from S-CN increased more quickly than
in S-AS and S-AP. One potential problem with the use of NO;-N fertiliser is the risk of significant
leaching of NO;-N down the soil profile. However, given the rapid nature of the nitrification of applied
NH,-N and the controlled release of NO,-N from S-CN it is unlikely that this problem would be
increased.

3.3 Conclusions

These results show that where nitrification is the main source of N,O, emissions can be
effectively reduced by using NO,-N fertiliser, especially in a controlled-release form. Controlled-release
NH,-N fertilisers did not reduce N,O emissions compared with normal NH,-N fertiliser under the
moisture conditions most likely to be encountered under field conditions in Japan. However, further
rescarch will be required to determine if the effects would be the same under different soil and
environmental conditions where denitrification could be a more important source of N,O emissions.

4. Effects of different application modes of organic and chemical fertilizers to agricultural fields
on N,O and NO emissions
4.1 Materials and Methods
A field experiment was carried out on five plots in an agricultural field of National Agricultural



Research Center, Tsukuba. For the preparation of plots, two djﬁerént modes of fertilizer application, i.e.
broadcast and band applications were used. In the organic fertilizer plots and chemical fertilizer plots,
swine manure and ammonium phosphate, respectively were applied. Out of the five plots, non-nitrogen
fertilizer was applied in one plot (CNTR plot). In the second plot, organic fertilizer was applied by
broadcasting (BROF plot), while in third plot organic fertilizer was applied in band application mode
(BAOF plot) . Similarly, the fourth and fifth plots were prepared by applying chemical fertilizer in
broadcast (BRCF plot) and band (BACF plot) modes, respectively. However, an equal amount of
nitrogen (25gN m) was applied to all the fertilizer plots. In the broadcast plots, the fertilizer was spread
uniformly over the surface, and then mixed with the underlying soil using mechanical device capable of
mixing the soil down to a depth of 10cm. In the band plois, initially trenches were prepared of 10cm
depth and a width of 8cm at the bottom and 25cm at the top. The distance between the edges of two
adjacent trenches was 45cm. In these trenches, fertilizer was applied which was then covered with soil.
After that, soil and fertilizer in the trench areas were mixed together using the same mechanical device.
The fertilizers were applied to the plots on September 11, 1997 and on the next day (i.e. September 12,
1997) the plants of Hakusai (Chinese Cabbage) were transplanted in these plots. The distance between
two rows of plants was 70cm while the distance between two adjacent plants in the same row was about
30cm . After the plantation on September 12, 1997, two frames made of white PVC (poly-vinyl
chloride) with 3cm deep edges were fixed almost in the center of each plot. These were fixed in such a
way that each of them covered two plants. These frames remained fixed in the plots throughout the
measurement period and were used as bases for chambers. The method of sampling and analysis has
been reported elsewhere®

4.2 Results and discussion
(1) Daily fluxes of NO and N,O in a cultivating period

The average values of replicated measurements of NO and N,O fluxes for CNTR, BROE BAOF
and BACF plots have been shown in Figures 4A to 4E and 5A to SE. The difference between replicate
measurements have been shown as error bars in these figures. In general, the NO fluxes were highest on
the day after the application of fertilizers in all the plots and dropped down to near background levels
quickly after one to two weeks. After that, the NO fluxes remained very low in almost all the plots
throughout the measurement period. The N,O fluxes in all the four fertilized plots showed increasing
trends after the fertilizer application and attained maximum values after 7 days in both BROF and
BAOF plots and after 9 days in BRCF plots. After that, the N,O fluxes gradually decreased to near
background levels after about one month in all these four plots. The N,O fluxes showed a small increase
after harvesting for a few weeks and then returned back to near background levels. This increase in
fluxes is to be expected due to the decomposition of plant residues in the soil and soil disturbance
caused by harvesting. The CNTR plot showed very small fluxes of NO and N,O.

(2) Fluxes of NO and N,O in different application modes of fertilizer

The NO fluxes were substantially less in the plots having band mode of fertilizer application
compared to the corresponding broadcasting mode application. This also occurred with N,O in the
chemical fertilizer plots, but in case of organic fertilizer plots, the BAOF plot showed higher fluxes than
the BROF plot. This is primarily due to the higher N,O flux shown by the BAOF plot in the first few
days after fertilizer application. The higher soil moisture during that time could be responsible for these
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higher fluxes in BAOF plot. In addltlon the soil temperature in the BAOF plot was also higher than that
of the BROF plot, might also have influenced N O emissions.

(3) Emission ratios of NO-N and N O-N to the total fertlhzer N

As the amount of fertlhzer covered by the chambers was more in the plots of band apphcatlon
mode compared to those in the plots of broadcast mode application, the ratios of NO-N/otal-N and
N,O-N/total-N for swine manure and chemical fertilizer plots were calculated and shown in Figures 6A
and 6B, and 7A and 7B. Figures 6A and 6B clearly show that the NO emissions were much lower in the
organic and chemical band applied fertlhzer plots compared to the broadcast fertilizer plots. This is in
concurrence with the model study made by Hosen et al.” , which shows that NO emissions are retarded
if fertilizers are placed below the soil surface However, the N,O emissions also seemed to be retarded in
BACEF plot compared to BRCF plot (Flg 7B) which is in contrast to the model calculation which shows
no effect of the depth of fertilizer apphcatlon on N, O emissions. A few references are available which
show either no effect of the depth of calcium nitrate fertilizer application on the N,O productlon rate'® or
increased N,O production with increased apphcatlon depth of anhydrous ammonia™. The present study
shows, however, a different trend indicating that probably other soil factors are responsible for the
emission rate of N;O to the atmosphere in BACF plot In organic fertilizer plots, the emissions of N,O
were larger in BAOF plot than in the BROF plot o

4.3 Conclusxons

The emission of NO was 51gn1ﬁcant1y reduced in both organic and chemical band applied
fertilizer plots compared to broadcastlng The N, o} GII]]SS]ODS also decreased in band applied chemical
fertilizer plots compared with broadcasting application. In organic fertilizer plots, however, the N O
emission was higher in band application than in broadcast application mode. These results showed that
the band application mode has the potentlal to reduce trace gas emissions to the atmosphere. However,
further research is needed to determine if the modification in agricultural practices would reduce not
only N;O and NO emissions to the atrnpsphere, but also leaching of nitrogen into groundwater.
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