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ABSTRACT

The objective of this study was to determine the effect of injection application of pig slurry on ammonia (NH3) and nitrous oxide 
(N2O) emission from timothy (Phleum pretense L.) sward. The three treatments were applied: 1) only water as a control, 2) pig slurry 
application by broadcasting, 3) pig slurry application by injection. The pig slurry was applied at a rate of 200 kg N ha-1. Total NH3 
and N2O emission, expressed as a cumulative amount throughout the measurement time (40 days), was 2.68 kg NH3-N ha-1 and 6.58 
g N2O-N ha-1, respectively, in the control. The injection application of pig slurry decreased total NH3 and N2O emission by 39.8% 
and 33.3%, respectively, compared to broadcasting application of pig slurry. The present study clearly showed that injection 
application exhibited positive roles in reducing N losses through NH3 and N2O emission.
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Ⅰ. INTRODUCTION

Pig slurry is an important nitrogen resource of nutrients and an 
alternative organic fertilizer to be recycled animal manure. 
However, the application of pig slurry often leads to environmental 
pollution via nutrient losses to air, soil, water and biosphere 
(Schröder, 2005). Pig slurry is a main contributor of odors and 
greenhouse gases such as ammonia (NH3) and nitrous oxide 
(N2O) (Park et al., 2018). NH3 volatilization has influence on the 
atmosphere quality (Sommer and Huchigs, 2001) and may also 
be a health hazard (Erisman and Schaap, 2004). It results in 
nitrogen loss during manure composting and when applied onto 
field. In addition, NH3 deposition may induce the formation of 
N2O in the atmosphere (Moiser, 2001; Sanderson et al., 2006). 
N2O is a trace gas that causes global warming and reduces O3 in 
stratosphere (Crutzen and Ehhalt, 1977; Rodhe, 1990). It accounts 
for 5% of the total greenhouse effect (Houghton et al., 1990) and 
has 290 times higher global warming potential than CO2 (Keith et 

al., 2005). These environmental pollutions are mainly caused by 
livestock housing, manure storage and application of manure 
onto fields (Sommer and Hutchings, 2001). Consequently, 
several studies have been reported to decrease these hazardous 
impact, such as diet management, control during storage and 
application method (Balsari et al., 2006; Eriksen et al., 2014; 
Hoekstra et al., 2010; Webb et al., 2010).

One of the pig slurry application method, broadcasting is 
commonly used in Korea. However, even if plowing and 
harrowing of soil are done directly after broadcasting application 
of pig slurry, bad odor and surface runoff could be occurred 
during the operation. The pig slurry injection is recent 
recommended technique in most European countries. Because of 
strong volatilization of NH3 emission by surface broadcasting 
with splash plate applicator, broadcasting application has been 
banned in some countries (Webb et al., 2010). The NH3 
volatilization reduced significantly by 90%, when pig slurry was 
injected, compared to the spread application of pig slurry to soil 
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(Dendooven et al. 1998). Fangueiro et al. (2017) reported that 
animal slurry injection is considered the most effective solution 
to minimize NH3 emission at the field scale. Slurry injection 
also reduced the N2O emissions due to the low nitrification 
activity, which was limited by the anaerobic conditions in the 
surrounding N pool (Fangueiro et al., 2015).

Thus, this study aimed to evaluate the effects of injection 
application of pig slurry on hazardous gases such as ammonia 
(NH3) and nitrous oxide (N2O) emission from the timothy 
sward.

Ⅱ. MATERIALS AND METHODS

1. Experiment design

Field experiments were conducted on a permanent grass sward 
consisting mainly of timothy Phleum pretense L.). The 
experimental site was located on a sandy loamy with the 
chemical properties presented in Table 1. The three treatments 
were applied; 1) only water as a control, 2) pig slurry application 
by broadcasting, and 3) pig slurry application by injection. The 
experimental design consisted of a randomized complete block 
design with four replications; each treatment block measured 
2.5 m × 10 m. Adjacent blocks were separated by a 2 m 
margin and bordered with 45 cm metal retainers inserted 30 
cm deep into the soil to prevent surface runoff and cross-plot 
contamination. Each treatment block contained of plot (1 m × 
1 m) for monitoring the emission of NH3 and N2O, acrylic 
glass tubes (20 cm diameter and 30 cm length) for collecting 
gas samples. The pig slurry used for this experiment was 
obtained from eco-bio farming association (Namwon-gun, 
Korea). The N property of pig slurry used in this study is 
presented in Table 2.

2. Gas emission sampling

To collect ammonia emission, we used ammonia trap system 
which was modified Dräger Tube method described by 
Ndegwa et al. (2009). The acrylic chamber to collect NH3 
emissions, attached to NH3-N trapping bottles containing 10 
mL of 100 mM sulfuric acid and a vacuum system to pull air 
through the chambers. The NH3-N traps flew a rate of 
approximately 1 L per minute. The collected NH3 in trapping 
bottle was reacted with sulfuric acid (H2SO4) and converted 
into ammonium sulfate [(NH4)2SO4], which is used to analyze 
the NH3 emission. The gas sampling to estimate N2O emission 
was taken from closed chamber using a syringe through a 
silicon septum without a vacuum source. 

3. Measurement and chemical analysis

N property of pig slurry used for this study was determined 
according to the method of Bremner (1996). The pH measurement 
was regularly done after shaking a 1:5 (sample:water, w/v) solution 
for 1 h on a rotary shaker. Total nitrogen was determined by 
digestion using the Kjeldahl procedure. Inorganic nitrogen was 
extracted with 2 M KCl and the NH4

+-N was determined by 
distillation in an alkaline medium (MgO). The same procedure was 
used for NO3

--N after reduction with Devarda’s alloy (Lu, 2000). 
The pig slurry contained on average (kg m-3): 1.42 total N, 0.31 
NH4

+-N, 0.20 NO3
—N, 0.68 P, 1.11 K with pHwater (1:5) of 8.0. For 

the determination of NH3 volatilization, the N concentration in 
collected samples of acid traps was measured. The solution in the 
form of (NH4)2SO4 was quantified by a colorimetric determination 
with ammonium color reagent (Nessler’s reagent, Sigma, 72190) as 
described by Kim and Kim (1996). 

The N2O concentration was analyzed by a gas chromatograph 
(7890A, Agilent technologies, USA) equipped with a thermal 
conductivity detector (TCD). Separation was achieved with a 
HP-Plot 5A column (30 m × 0.53 mm × 25 μm) using helium 
as the carrier gas, at a flow rate of 2 mL min-1. The N2O 
fluxes were calculated as described by Guo et al., (2012).

Total N NH4
+ NO3

- Organic N 
(g N kg-1) (mg N kg-1) (mg N kg-1) (g N kg-1)

Liquid fertilizer 1.96 ± 0.06 185.5 ± 0.0 147.2 ± 14.16 1.63 ± 0.07
Values are mean ± SE of three replicates. 

Table 1. Nitrogen compounds of swine slurry
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4.Calculation

The N2O fluxes were calculated using the following 
equation: 

F = ρ × (P / 760) × (V / A) × △C / △t) 
× [273 / (273 + T)], (1) 

where F is the N2O flux (μg N2O-N m-2 h-1), ρ is the 
density of N2O at 0°C and 760 mm Hg (kg m-3), V is the 
chamber volume (m3

), A is the area from which N2O was 
emitted into the chamber (m2), △C / △t is the rate of N2O 
accumulation in the chamber (ppmv N2O-N h-1), T is the 
chamber air temperature in Celsius and P is the air pressure 
of the experimental site (mm Hg). The altitude of the 
experimental site for this study is very close to sea level, so 
P / 760 ≈ 1. Cumulative NH3 and N2O emissions over the 
entire experimental period were calculated by summing all 
daily measurements and period estimations (number of day × 
mean flux between sampling dates).

5. Statistical analysis

Analysis of variation was conducted to assess the effects of 
application method on NH3 and N2O emission. Significant 
differences between treatments were tested using Duncan’s 
Multiple Range Test at the 5% level of probability using SAS 
9.1.3 software (SAS Institute, Cary, NC, USA).

Ⅲ. RESULTS AND DISCUSSION

In Korea, approximately more than 80% of the manure 
produced by pig is managed as slurry. The application of pig 
slurry into the grassland is a meaningful practice to recycle 
organic resources. The rate, timing and method of pig slurry 
application are important management factors affecting the 
efficiency of nitrogen use and pasture growth responses. In the 
present study, we attempt to estimate the effectiveness of 
injection application of pig slurry in mitigating ammonia (NH3) 
and nitrous oxide (N2O) emission compared to broadcasting 
application. The fastest rate of NH3 emission occurred 
immediately after application within 5 days, and then the 
emission decreased quickly in all three treatments; control, 

injection and broadcasting (Fig. 1A). This result was consistent 
with previous reports (Rochette et al., 2001; Sommer and 
Hutching, 2001), which showed a large portion of NH3 
emission occurred at the earlier period after application of 
slurry. The cumulative amount of NH3 emission was shown in 
Fig. 2A. The cumulative NH3 emission throughout the period 
of measurement increased by 203% in broadcasting application 
of pig slurry compared to control (water). However, injection 
application of pig slurry lower by 40% compared to 
broadcasting application. The volatilization of NH3 was 
significantly reduced by 90 % compared to the application of 
pig slurry to the soil surface when pig slurry was injected. 
(Dendooven et al., 1998). The emissions of NH3 from manures 
following band spreading, incorporation and injection were 
55% (range: 37-67%), 70% (50-82%) and 80% (72-86%) 
lower than that from surface broadcasted manures, respectively 
(Hou et al., 2015).

The significant increase of N2O emission, relative to the 
control, was observed immediately after broadcasting and 
injection application of pig slurry (Fig. 1B). The N2O 
emissions in injection application decreased strongly during 40 
days compared to broadcasting application. Fangueiro et al. 
(2017) reported that cattle slurry injection application 
significantly reduced N2O emissions during the first 3 days, 
and between days 4 and 27, the mean N2O fluxes in injected 
cattle slurry lower than in soil surface. In this study, the 
cumulative N2O emissions were determined 6.6, 40.6 and 60.9 
g N2O-N ha-1 in control, injection and broadcasting application 
of pig slurry, respectively, at 40 days (Fig. 2B). This result 
showed that injection application of pig slurry efficiently 
decreased N2O emission than broadcasting application.

In conclusion, these result clearly indicated that injection 
application of pig slurry results in a decrease of ammonia and 
nitrous oxide emission. It suggests that injection application 
may recommendable strategy to reduce the hazardous gaseous 
from manure application. However, we could not explain a 
significant corresponding increase in N use efficiency. 
Therefore, future work should be followed to determine the 
fate of N, the mineralization dynamics and N use efficiency 
for herbage yield in relation to the effectiveness of the 
injection application.
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Fig. 1. Changes in absolute amount of ammonia (NH3, A) and nitrous oxide (N2O, B) emission from control (○), 
broadcasting application with pig slurry (▲) and injection application with pig slurry (●). Data are mean ± SE 
(n=4). Different letters indicate significantly different at p < 0.05 according to the Duncan’s multiple range test.

Fig. 2. Cumulative amount of ammonia (NH3, A) and nitrous oxide (N2O, B) emission from control (○), broadcasting 
application with pig slurry (▲) and injection application with pig slurry (●). Data are mean ± SE (n=4). 
Different letters indicate significantly different at p < 0.05 according to the Duncan’s multiple range test.
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