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ABSTRACT

In order to compare greenhouse gases emission from different animal manures and to explore how different animal manures effect 
on soil mineralization, three kinds of materials, cattle, goat and chicken manure were amended to soil for 14 days incubation as CtS 
(cattle manure-amended soil), GS (goat manure-amended soil) and ChS (chicken manure-amended soil). Cumulative NH3 emissions in 
all treatments were rapidly increased until day 7 and then it was slightly increased in three manure-amended soils but maintained in 
control until day 14. GS had the highest NH3 emission at 0.14 mg kg-1 during the entire experimental period. Emissions of CO2 were 
highly increased by 7.8-, 9.0- and 12.4-fold in CtS, GS and ChS, respectively, compared to control at day 14. A significant increase 
of N2O emission in all treatments occurred within 5 days and then it was slightly increased until day 14. N2O emission was 2-fold 
higher in all manure-amended soils than that of control. Compared to day 1, inorganic N (NH4

+ plus NO3
--N) content was highly 

increased in all four treatments at day 14. The increase rate was the highest in CtS treatment. Net N mineralization was increased 
by 4.0-, 2.4- and 2.9-fold in CtS, GS and ChS, respectively, compared to control. These results indicate that increase of NH3, CO2 
and N2O gas emissions was positively related to high N mineralization. 
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Ⅰ. INTRODUCTION

Nowadays animal manure is used as fertilizer for agricultural 
crops worldwide because of increase of crop productivity. 
Animal manures have lots of nitrogen (N), it can provide 
enough N for plant growth (Gilley and Eghball, 2002). 
Generally, manure N is present in organic and inorganic forms 
but most of N is organic form. Because organic N is not used 
immediately by plants, organic N is firstly converted by soil 
microbes to inorganic forms, mainly ammonium (NH4

+) and 
nitrate (NO3

-) which are quickly taken up by plants (Rao and 
Batra, 1983; Sullivan et al., 2003). This is the process of 
mineralization. Therefore, the mineralization rate reflects 
available N for plant needs. The manure N mineralization is 
affected by manure types and incubation periods. Many studies 
reported that N mineralization rate varies among different 
types of animal manures. For example, mineralization of 
organic N from dairy manure and chicken manure averaged 

35% and 41%, respectively (Van Kessel and Reeves, 2002). In 
addition, Abbasi et al. (2007) reported that the mineralization 
rate of cattle manure is rapid during initial 10-20 days and 
slow during last 90-120 days, as similar results in poultry 
manures (Bitzer and Sims, 1988). 

Manure with high amount of nutrient such as nitrogen (N), 
potassium (K) and phosphorus (P) could generate environment 
hazards after application into soil. For example, N evaporation 
by NH3 and N2O could bring about a bad influence on global 
warming and nutrient by leaching could raise water problems. 
NH3 is defined as a primary pollutant gas released from farming 
industry. Moreover, carbon dioxide (CO2) and N2O released from 
soil are considered to be the main gases leading to global 
warming (Wang et al., 2005). Although CO2 is utilized as carbon 
source for plants, it should not be ignored because of large 
proportion of greenhouse gas emission (Philippe et al., 2007). 
Moreover, emission by N2O, which is released from nitrification 
and denitrification processes, is also important. Comparing with 
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CO2, N2O is a 300-times more puissant greenhouse gas (USEPA, 
2013). Besides, He et al. (2016) suggested that N2O more 
effectively impacts on global warming caused by its capacity 
to trap solar energy. These greenhouse gases emissions mainly 
occurred during mineralization. However, the relationship 
between greenhouse gas emission and N mineralization during 
incubation was not fully understood. 

The objectives of this study were to 1) compare contribution 
of different animal manures to gas emissions; 2) to explore 
how different animal manures effect on soil mineralization. To 
achieve this goal, three treated soils including cattle manure 
amended soil (CtS), goat manure amended soil (GS) and 
chicken manure amended soil (ChS) were incubated under a 
laboratory condition for 14 days. 

Ⅱ. MATERIAL AND METHODS

1. Manure and soil preparation

Cattle manure, goat manure, chicken manure and a surface 
soil (0-15 cm) were collected from a local area in Gwangju, 
South Korea. After air drying, manure was homogenized by 
blender. Four millimeters sieved, air-dried soil was adjusted to 
attain at 20 % water content by adding distilled water and 
packed to the bulk density of field at 1.40 g cm-3. Seven days 
pre-incubation was conducted to grow microorganism. Samples 
were ground to 0.2 mm to measure total N content and 
inorganic N (NH4

+-N + NO3
--N) content.

2. Laboratory incubation 

Fourteen days of soil incubation was conducted in 
laboratory under 25 ± 1°C. Four treatments were prepared: 
control (bared soil), cattle manure amended soil (CtS), goat 
manure amended soil (GS) and chicken manure amended the 
soil (ChS). For each repetition, 1.7 kg air-dried soil was added 
to a 5.7 L square chamber. The jar was sealed by a lid with 
a hole which was used for gas collection and air change. After 
the application of manure containing 200 mg N kg-1, the soil 
was adjusted to obtain 60% water hold capacity (WHC). The 
chamber to incubate soil was attached to gas trapping bottles 

which contains 10 mL of 0.2 M sulfuric acid to collect NH3 
and 20 mL of 1.5 M sodium hydroxide to collect CO2. A 
vacuum system with meter flow of 2 L min-1 was settled to 
pull air out through rubber tubes. Sulfuric acid was changed 
on day 1, 2, 3, 5, 7, 10, 12 and 14, while sodium hydroxide 
was changed on day 3, 8, 10, 11, 12, 13 and 14. To create 
an aerobic incubation environment, 1-hour of air exchange was 
allowed after renew of absorption solutions. The appropriate 
volume of distilled water was added to maintain the constant 
soil moisture. Soil and manure mixture were sampled at day 
1 and day 14.

3. Chemical analysis

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 using Kjeldahl procedure (Park et al., 
2015). Inorganic nitrogen was determined by shaking 10 g of 
the sample with 50 mL of 2 M KCl. The extract was filtered 
through prewashed (2 M KCl) with Whatman’s filter paper. 
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. Net N mineralization was 
calculated as the difference between post- and pre-incubation 
inorganic N (NH4

+-N + NO3
--N), which was referred to Hood 

et al. (2003), the equation was following: Soil N 
mineralization rate = [(NH4

+-N + NO3
--N + NH3-N + N2O-N) 

DayT – (NH4
+-N + NO3

--N) Day1] / T, where T was 
incubation period (day). Ammonia (NH3) was analyzed by a 
colorimetric method with Nessler’s reagent (Kim and Kim, 
1996). Carbon dioxide (CO2) was detected by acid-base 
titration method, using phenolphthalein as indicator. N2O gas 
was measured with a 10 mL BD vacutainer tube via a Gas 
Chromatograph (Agilent technologies 7890A).

4. Statistical analysis

Statistical analyses were conducted using the SAS 9.1.3 
package. Duncan’s multiple range tests were used to compare 
means of three replications between different animal manure 
amended soils. Statistical significance was set at p ≤ 0.05. 
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Table 1. Chemical property of soil and animal manures used for the experiment.

Materials pH
Total N

(g N kg-1 DM)
Inorganic N (mg N kg-1 DM)

NH4
+ NO3

- 
Soil 6.04 0.3 ± 0.02c   11.4 ± 0.88d 7.9 ± 4.38b

Cattle manure 9.31 22.9 ± 0.07a 614.3 ± 1.24a 3.5 ± 0.00c

Goat manure 8.52 21.0 ± 0.51a 354.4 ± 1.86b 23.6 ± 4.33a

Chicken manure 6.63 4.7 ± 0.12b 95.4 ± 0.62c 2.6 ± 0.62c

Values are mean ± SE (n=3) of three biological replicates. Different letters in column indicate significant difference at p < 0.05 according 
to the Duncan’s multiple range test. 

Fig. 1. Cumulative ammonia (NH3) emission from control(only soil, ○), CtS (cattle manure amended soil, ●), GS (goat
manure amended soil, ◆) and ChS (chicken manure amended soil, ■) for 14 days in vitro incubation. Data 
are mean ± SE (n=3). Different letters indicate significantly different at p < 0.05 according to the Duncan’s
multiple range test.

Ⅲ. RESULTS AND DISCUSSION

Soil and manures used in this study were stated in Table 1. 
We used clay soil with pH 6.04, and 0.3 g total-N kg-1 
including 11.4 mg NH4

+-N kg-1 and 7.9 mg NO3
--N kg-1. Cattle 

and goat manure were alkaline materials as pH 9.31 and 8.52, 
respectively. They contained high amount of N more than 21.0 
g kg-1. Compared to these, chicken manure showed the lowest 
content of total-N (4.7 g N kg-1) and inorganic-N (95.4 mg 
NH4

+-N kg-1 and 2.6 mg NO3
--N kg-1). 

The patterns of the cumulative amount of NH3 emission 
after incubation are shown in Fig. 1. Cumulative amount of 
NH3 emissions from all manure treatments were continuously 
increased during 14 days. However, NH3 emission in control 
was gradually increased until day 7 and then maintained until 
day 14. The emission rate was relatively higher in all manure 
treatments than that in control throughout experimental period. 
Especially, GS treatment showed the highest NH3 emission 

(0.137 mg NH3 kg-1) at day 14, compared to other treatments. 
It has been reported that high NH3 emission is associated with 
high soil pH and high free NH3 concentration (Luo et al., 
2004; Park et al., 2015). Thus, the higher NH3 emission in GS 
treatment is due to higher pH and NH4

+ concentration 
compared to other treatment (Figs. 1 and 4).  

The patterns of cumulative amount of N2O emission was 
shown in Fig. 2. The most important N2O emission appeared 
at earlier 5 days after incubation. Similarly, Guo et al. (2012) 
found the highest N2O emission within 1 week of the fertilizer 
application. In this study, the highest total N2O emission was 
observed in CtS and GS treatments during initial 5 days of 
incubation. It might due to the alkaline of cattle and goat 
manure (Table 1) as suggested by Baggs et al (2010) who 
reported that the difference of pH has ability to alter N2O 
emission, resulting higher N2O emission in manure with high 
pH. In addition, these results are associated with nitrification 
and denitrification processes, because N2O is generated as an 
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Fig. 2. Cumulative nitrous oxide (N2O) emission from control (only soil, ○), CtS (cattle manure amended soil, ●),
GS (goat manure amended soil, ◆) and ChS (chicken manure amended soil, ■) for 14 days in vitro 
incubation. Data are mean ± SE (n=3). Different letters indicate significantly different at p < 0.05 according 
to the Duncan’s multiple range test.

Fig. 3. Cumulative carbon dioxide (CO2) emission from control (only soil, ○), CtS (cattle manure amended soil, ●),
GS (goat manure amended soil, ◆) and ChS (chicken manure amended soil, ■) for 14 days in vitro 
incubation. Data are mean ± SE (n=3). Different letters indicate significantly different at p < 0.05 according 
to the Duncan’s multiple range test.

intermediate product (Philippe and Nicks, 2015).
As expected, carbon dioxide (CO2) emission increased 

gradually in all three manure amended soils as incubation 
progressed (Fig. 3). These CO2 emissions occur when organic 
matter is decomposed by soil microbe (Dutta and Stehouwer, 
2010). Compare to control, cumulative amount of CO2 emission 
in CtS, GS and ChS treatments were higher 7.8-, 9.0- and 
12.4-fold, respectively (Fig. 3). Because chicken manure is 
composed mainly of feces, chicken manure is quickly 
decomposed than cattle and goat manure which are composed 
feces and urines (Krogdahl and Dalsgard, 1981). Similar results 
reported by Abbas and Fares (2009) who found the highest rate 
of CO2 emission in chicken manure correlated with high 
organic C.

Organic N is converted to inorganic N such as ammonium 
(NH4

+-N) and nitrate (NO3
--N) which is immediately available 

to plants. As expected the organic manure application 
produced higher amount of available NH4

+-N in soils 
compared to control. At day 1, NH4

+-N content was the 
highest in CtS treatment among the treatments (3.3-fold higher 
than control). It was 2-fold higher in GS and ChS treatments 
than that of control (Fig. 4). Compare to day 1, NH4

+-N 
content was largely increased more than 2-fold in all four 
treatments at day 14. NO3

--N content was not different 
between treatments at day 1, while it was increased rapidly in 
all treatments during 14 days except control. The increase rate 
in NO3

--N content was 2.3-, 32.0-, 18.1- and 20-fold in 
control, CtS, GS and ChS treatment at day 14, respectively, 
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Fig. 4. Changes in amount of ammonium-N (NH4
+-N, A) and nitrate-N (NO3

--N, B) in the soil amended with control
(only soil, □), CtS (cattle manure amended soil, ▧), GS (goat manure amended soil, ■) and ChS (chicken 
manure amended soil, ▦) for 14 days of in vitro incubation. Data are mean ± SE (n=3). Different letters 
indicate significantly different at p < 0.05 according to the Duncan’s multiple range test. 

Fig. 5. Soil net nitrogen mineralization rate in the soil amended with control (only soil), CtS (cattle manure amended
soil), GS (goat manure amended soil) and ChS (chicken manure amended soil) during 14 days of in vitro
incubation. Data are mean ± SE (n=3). Different letters indicate significantly different at p < 0.05 according 
to the Duncan’s multiple range test.

compared to day 1. These results suggested that N availability 
of cattle manures was higher than chicken or goat manures 
(Fig. 4), similar results observed by Abbasi et al. (2007). Net 
mineralization of organic N was observed for all manures as 
measured by amount of total mineral N at the end of 
incubation subtract amount of initial mineral N of manures and 
control soils per incubation time. Mineralization of N from 
manures was significantly affected by manure type. The 
highest net N mineralization was observed in CtS treatment 
within 14 days (Fig. 5), followed by ChS and GS treatments. 
These results were consistent with inorganic N content (Fig 4). 
Generally, it has been known that C/N ratio of manure affects 
N mineralization (Cordovil et al., 2007; Abbas and Fares, 
2009). In present study, the lowest CO2 emission was observed 
in CtS treatment (Fig. 3). The low CO2 emission may be 

resulted in low organic C, followed by low C/N ratio, as 
suggested by Abbas and Fares (2009). Overall, these results 
indicate that cattle manure having high pH, NH3

+ and N2O 
emission, and low CO2 emission showed high net N 
mineralization. 

Consequently, manures addition provided a beneficial 
environment for microorganism, but also be able to lead to 
global warming more due to greenhouse gases emission and N 
losing. N mineralization rate had a similar sequence with 
cumulative NH3 and N2O emissions among different manures, 
which implied a positive relationship between mineralization 
and N losing by gas. Therefore, these results suggested that 
cattle manure showed a comprehensive N provider potential 
considering N content, gas emission and N mineralization. In 
later experiment, N use efficiency through 15N isotope method 
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should be practiced to promote our knowledge of N cycling in 
system of plant-manure-soil.
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